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Foreword 


The way of the science teacher, especially in this age ol great successes 
in science, is hard. Science teachers are expected somehow to be as successful 
as sdentists themselses hate been. They are expected to take all the diildren 
who come their way and turn, as if by magic, some of them into the scientists 
of the future and the rest into citirens well prepared to take their place in 
the world that science has translomed. They are expected to accomplish this 
in five hours per week or less, over a period ranging from one to six years, 
with classes composed of perhaps thirty students, no two of whom are alike. 
One might think that teachen of science would despair at the enormity of the 
task. Perhaps, in prisate, many do. But they go into the classroom day after 
day, prepared to do svhat they can toward this goal. 

This book, and its two companion \olumes, can help the science teacher. 
From them he can learn what other teachen hate done, what experimenters 
base found out about teaching (and its obverse, learning), what may be ol 
use to him in the varied situations in which he finds himself. They should 
prove invaluable in helping the science teacher, in the words of the authors, 
"develop hh own personal teaching invention.’' 

The auUiors arc all men with wide experience in leaching science and 
science methods, as is indicated by the abbreviated listing of their afhliations 
on the title page. All three have also published many articles on various aspects 
of the field. It is hoped that their experience, and that of the other teachers 
they describe, will be of use to botli present and future teachers of science. 


VILLARD B. SPALDtVG 



Caution to the reader 


The White Knight, in Letvis Carroll’s splendid booV which can be con- 
sidered a satire on “method" in living, packed his luggage for iVow/iere— a 
logical thing to do, since he had nowhere to go. 

Those who presume to write books on method for teachers seem to think 
they know where to go; or they think they hate some useful things to pack 
for somewhere: or at least they hate a ticket plainly marked with a destination. 
Hosveser, before friends or colleagues boy such a ticket it would be svcll for 
them to know the nature of the trip, the quality of the fare, and, of coune, 
the caliber of their companions. 

U only we had a formula like £ = me-, with £ equal to Educaiability, 
m equal to Mastery of subject matter, and c equal to Creativity! If only we 
had units like the erg or mho or Madt with which to advance confidently! 
Those of us fortunate enough to be in teaching like to talk about teaching 
methods as if they were similar to the laboratory procedures of the technician. 
lUit a few days spent in the classroom having our noses bloodied by the hard 
facts o! classroom life, and we realize that we are experts in science education 
most wlien we are away from the science classroom. 

I! expertness in teaching method is indeed less than it should be, if we 
are dcpciulent more on testimony than on evidence, how then can a book on 
methods serve the teacher? Each day the teacher goes into the classroom to 
do his best; each day he strives to do a better job than the day before. And 
he looks for help. Should he turn to this book and its accompanying volumes 
(see page x), what is he to expect? 

Surely he should expect suggestions which arc meant to make his daily 
teaching more effective. He will find here an attempt to do this in the frame- 
work, it is hoped, of sound psychology, sound experience, sound analysis, and 
sound invention. For teaching is, after all. a personal invention. 

Surely he should expect an approach to the solution of problems of 
science teaching consistent with the ideals and objectives of scientists. Often 
he will be disap{xiinietl because evidence is lacking: research in science educa- 
tion is in its infancy. Yet if we arc very careful to identify proven facts, un- 
tested hypotheses, and iinicstable notions, surely we may repair to experience 
as a guide. When a teacher details his experience to others he may not be 
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offering e^idence. but he may indeed be ,n the lealm of useiul testimony 
relevant to a particular situation, or to a limited range of situations. 

And surely the reader of these books should expect help m teaching 
"scientific methods". lor this is required of him not only by speciabsu but 
by the community at targe One pafent perhaps spoVe for the community 
ivhen he asked that youngsters be wught more than "the mere facts.” (As 
iuperintendent Spinning of Rochester asked, nvhat h so mere about a fad?”) 
The representatives of the community ask that youngsters be taught both the 
ways of scientists and also the body of facU they base discovered. 

The reader will find three volumes to assist him. Tlie present one deals 
with the tactics and strategy we hope he will find useful in developing his 
own personal teaching iniention Teai/'ingHigh School Science A Sourcebook 
;oTlheBit>logna{Stiincf5(E MoshcAt. P F Rta.nd*»evn, and A. Joseph. WSE) 
deals with laboratory, field, and dcmonsiiaiion techniques for teaching biology, 
health, and these areas in general science. Teaching High School Science- A 
Sourcebook Jor the Physical Sciences (A Joseph. P. F Brandwem, and E. Mor 
holt. 1959) does the same for chemistry, physics, earth science, and the physical 
science areas in general science. Brief tables of contents of these two volumes 
are given on pages \x and xxi of this one Tlic tfirce books together are in- 
tended to be a teacher's ivide mecum. his handbook, they are intended to be 
useful in helping him fashion or refashion lus personal teaching invention. 

We feel strongly that a book of methods should be not prescriptive but 
illustrative, and we have organized this book so as to carry out this belief. 

First we develop the methods of the scientist and their apphealion to the 
methods of the science teacher: 


Section One The special climate of the science clossreom 

Chafler J Ways of the icieniist 

Chapter 2 Teaching die ways of the sciemisc 

We then discuss the development of patterns of leaching. This to us does 
not mean all the metliods, techniques, devices, and procedures of the science 
teacher, it means patterns of teaching concepts and winning participation of 
students in concept seeking 


Section Two Patterns in teaching science 


Chapter ? Science classes 
Chapter 4 Science teachen 
Chapter } Behavioral objectives 
Chapter 6 Winning the concept 


Chapter 7 Winning participation 
C&epter 8 The science shy 
Chapter 9 The science prone 


Once we have developed the sciendu’s pattern of investigation (Section 
One) and the science teacher's paticm of teaching Section Two), we proceed to 
ok teacher's scope and sequence, the nature of the courses 

he teaches. We are also prepared to discuss the ways in which teachers may 
develop courses to fit their spedal needs- 
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Section Three Inventions in science courses 


Chapter 10 

Introduction to course build- 
ing 

Chapter 11 

Science in 
school 

the elementary 

Chapter 12 

The course 

in biology 

Chapter 13 

The coune 

in chemistry 

Chapter 14 

The course 

in physio 


Chapter 
Chapter 16 

Chapter 17 
Chapter 18 


The course in general science 
The cowise in physical sci- 
ence 

The unit in ihe course 
Building the sdence course 
and curriculum, continued 


Then one must know whether objcctises hate been attained, whether 
children hate been helped to grow, whether changes in behavior hate occurred; 
we continue with: 


Section Four Determining the success of science teaching 

Chapter 19 Appraising the student: a general approach to ctaluation 

Chapter 20 Appraising the student: an approach to test building and interpretation 

Chapter 21 Appraising the teacher’s role: supply and demand in science 

We know that one book cannot be all things to all teachers. M'e include 
here only a briel section, ol which the other tsvo books in the series are really 
the expansion, on procedures; 

Section Five Tools for the science teacher 

The demonslTalion: the chalk board; Ihe film, tirlth directory of dislribulon; Ihe film- 
tlnp, vilh direclory of distributors; the library lesson; the laboratory lesson, with a 
note on workbooks; the field trip: Ihe textbook; Ihe assignment; Ihe report; the project; 
scsenee clubs and science fairs; student laboratory squads; the bulleltn board and the 
exhibit ease; science faetUlies, with directory of suppliers; Ihe professional library; 
the expert, witli a note on becoming one; the resource file: where to go for further help 

And we conclude with a section containing tcrbatim reports on just what 
three diflerent communities have done and are planning to do to accomplish 
our goal of improving science teaching: 

Section Six Blueprints for community action 

The Detroit science education story; the Indianapolis science education ifory,- Ihe Okla- 
homa srience education story 

We should like to take this opportunity to thank a few of tliose who have 
provided encouragement and assistance: Arthur Greenstone for collaboration 
in the preparation of Chapters )5 and If, and Herbert Drapkin and Philip 
Johnson for reading critically galley proof of the whole book. 

These three books are really one attempt to provide a foundation for the 
development of individual patterns in sdence teaching. Teaching remains a 
personal rntention, designed fo help joung peopfe understand the worfd in 
which the) live. 


PACL r. BRANDWEIV 
ruTaiftt. G. WATSOS 
PAIL r, BLACKWOOD 
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Section One 


THE SPECIAL CLIMATE 
OF THE SCIENCE 
CLASSROOM 


Sooner or later the discussion at teacliers' meetings, conferences, and 
conventions usual]}’ resohes into one solution of the problem of improving 
science teaching: getting better teachers. Then, often, tsvo exaggerated images 
of teachers appear. One is of the modern “good” or “inspiring” teacher, a 
vigorous, dynamic, intelligent, informed, friendly, u-arm person ssho likes 
children and is des-oted to soefet)'. in his or her classroom the atmosphere is 
conducive to learning; the climate is cheerful, social, clean, permisshe; 
relationships bchseen student and teacher are creative and democratic. The 
content of (he course is based on the needs and interests of the individual; 
the aim of education is to have each child groiv to liis utmost, des’clop to 
his fullest potential. Children learn science by doing; the lesson is an 
experience in search of meaning. 

The other sfe;eot)'pe is of the “uninspiring” teacher, who feels that 
children don’t want to learn but must be made to learn, that the>’ are 
undisciplined, disrespectful, and umsilling lo worL- “It is good for children to 
^s-ork hard to learn self-discipline; this will help them become better people. 
Ever}’ youngster must know certain things in order lo succeed in life. The 
child will grow best when he is forced to do his woik; and this work consists 
of college-preparator)’ courses, ff the joungster is not successful in these 
courses, he desen-cs to fail, for be is definitely not prepared for life.” 

Of course, these are caricatures, not real people. Nei’erthelcss, a teacher 
does establish a climate in hh classroom, as well as an individual pattern 
of teaching. And in science, paiticulnly, the climate of the classroom is 
determined not only by the pcrsonalitj- of the teacher but also by (he character 
of (he sub/ect; the method of the scientist and the method of the science 
teacher go hand in hand. 

Cluptcr 1 IIIE SPKXU. CLIMATE OF THE SCIE.VCE C1.ASSXOOM: 

WAYS or THE saENTlST, p. 11 

Chapter 2 the sveclal climate of the science czassxoom: 

TE-AailNC THE WATS OF THE SaF-VTlXT, p. 36 

The stuff of science, the eipericnccs in which the scientist finds meaning, 
arc escTsvhere about us— nhercscr a life is born, an insect or a rocket flies, 
a book is opened— (here science is being (aught and learned: in (he follmi/ng 
pages, and in our classrooms. 
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THESE WORDS OF ALBERT Ei>STEIN: 



Tfce most beautiful 
and most profound emotion 
K e can experience 
is the sensation 
of the mystical. 








He to whom this emotion 

is a stranger, 

who can no longer wonder 

and stand 

rapt in awe, 

IS as good as dead.” 




‘ 7 1 is the supreme art of the teacher 
to auaken joy in creathe expression and knoutedger 




CHAPTER 1 


The special climate of the science classroom: 

Ways of the scientist 


A note nl the beginning: \Vc have at hand 42 syllabuses, from 37 states, for 
genera! science, biology, physics, chemistry, earth science, 
and physical science courses. They have one thing in com- 
mon; all propose to teach the scientific method. Forty- 
one of them seem to deal with the "empirical approach." 
the slowest, least effective way of "problem solving." 

Actually the word "science" stands for such a com- 
plex variety of information, abilities, and operations that 
none of the many published definitions seems wholly ade- 
quate. W’e hesitate to add one more effort to compress 
the grandeur of science and scientific work into a brief 
pattern of words. However, perhaps we can clarify what 
science isn't, and suggest explicitly what it mt'oftrs. Many 
eminent scientists and philosophers have written about the 
nature of science: those readers who wish to go beyond our 
discussion may find the books listed at the end of the cha|>- 
ter helpful. 

One peculiarity of ours will certainly not escape you: 
we tend to think of science more as a verb than as a noun; 
v»e tend to think of the v»-ay a scientist works rather than 
what Kicncc is. We think that science is more concerned 
with the process by which a body of reliable knowledge is 
obtained than with the resulting body of knnwletlge it- 
self. Consequently when we ulk of sdence, we shall really 
be talking about ways in which scientists seek concepts. 


The so-called "scientific method" 

To predict what an individual scientist will do is hanirdous, for as indi- 
viduals they do a variety ol activities in diBerent ways. However, there arc 
some common attributes of "sdentific" behavior, and these arc what wc are 
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Scientific method is something talked about by people standing on the out- 
side and wondering how the sdentist manages to do it. These people base been 
able to uncoter various generalities applicable to at least most of tvhat the scientist 
does, but it seems to me that these generalities are not sery profound, and could 
hase been anticipated by an)onc who knew enough about scientists to know what 
is their primary objective. 1 think that the cibjectises ol ail scientists have this in 
common— that they are all tr)’ing to get the correct ansuer to the particular prob- 
lem in hand. This may he ettpressed in more pretentious language as the pursuit 
of truth. Now if the answer to the problem is correct, there must be some way of 
knowing and proving that it is correct; the very meaning of truth implies the 
possibility of checking or verification. Hence the necessity for checking his results 
always inheres in what the scientist does. Furthermore, this checking must be 
exhaustive, for the truth of a general proposition may be disproved by a single 
exceptional case. A long experience has shown the sdentist that various things are 
inimical to getting the corrcci answer. He has found that it is not sulfideni to 
trust the word of his neighbor, but that if he wants to be sure, he must be able 
to check a result for himself. Hence the scientist is the enemy of all auihoritartan- 
ism. Furthermore, he finds that he often makes mistakes himself and he must learn 
how to guard against them. He cannot permit himself any preconception as to 
what sort of results he wilt get, nor must he allow himself to be influenced by 
wishful thinking or any personal bias. All these things together give that “objec- 
tivity" to science which is often thought to be the essence of the sdentific method. 

But to the working scientist himself all this appears obvious and trite. What 
npptan to him lu the essence of the situation is fhol he is not consciously foilowing 
any preseribed course of action, but feels complete freedom to utilize eny method 
or device uihalever, which in (he particufar situation before him seems likely to 
yield the correct antwer. In his attack on hh specific problem he suffers no in- 
hibitions or precedent or authority, but he is completely free to adopt any course 
that his ingenuity is capable of suggesting to him. S'o one standing on the outside 
can predict what the mdiViduai scientist will do or what method he will follow. 
In short, science is what scientists do, and there are os many scientific methods as 
there are individual scientists. 

Science progresses as the explanations (or concepts) ' it produces for pre- 
viously unexplained things or events both fit the facts on which they were based 
and lead to new prwlictiom which can be tested. The results of these tests 
may or may not agree with these predictions. If they do agree, our confidence 
in the explanation is bolstered, for we then have added one more set of phe- 
nomena which we can predict. If. however, after repeated experimental work 
our expectations and observations do not agree, or do not agree as well as we 
would like, then our explanation must l»e te-examined to remove, if possible, 
the new discrepancy. And so we have a continuous round of discrepancy, 
explanation, ptediciion. test, new facts, neve explanation. 

This sell-coiTCCung process is "basic to all scientific work. But individual 
scientists, despite their best intentions, are biased, misinterpret data, and 
formulate erroneous explanations. Then how is it Uiat we attain anv increase 
in predictive abilitv? Independence, in science at least, has its price; the inde- 
pendence of each individual, as Bridgman noted, imposes upon him a cominu- 

• In ihij ihsptrr ilull uve ihc irrm “coBCepti*" In iu diciiorury tente. at njuisalcm lo 
or “principW or “griKiali/iiMJO." tot its more technical mraoin; tn Chapter 6. 
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rarchin. lot. Unfortunately a great myth has developed that the '““‘“I li" 
some toecial, ev en tegular, way ol proceeding: he hat, too many people heheve, 
a "seientitc method," vtlneh is the key to hb success. Often this scientific 
TOeihod is reduced to five steps: 


1. Define a problem. 

2. Gather relevant data. 

3 Form hypotheses. 

4. Test the hypotheses. 

5. Reach a conclusion. 

No one will deny that scientists do alt these things, but knowing that they 
•'define problems” is no more help to us in doing likewise, or even in under- 
standing what they are doing, than knowing that artists “paint pictures. 
What this scheme does not tell us is «taaly what we need to know. What 
operations are represented by the verbs? Let us describe a "method” of moun- 
tain climbing in the same way: 

1. Select an unclimbed mountain- 
2v Organize a party. 

3 Plan the equipment 

4. Go to and climb the mountain. 

5. Plant a fiag on the top. 

Mountain climbers do these things, but does this analysis help you to “select,” 
"organize,’’ "plan," or "climb”? The analysis may be correct but it is sterile, 
it does not aid us in performing or even understanding these operations. 

Percy Itridgman, Nobel Laureate in Physics, cuts a broad swath through 
the definition of the methods of science by a general statement which appeals 
to many other scientists: "The scientific method, as far as it is a method, is 
nothing more than doing one’s damnedest with one's mind, no holds barred." ’■ 
He goes further, in an article addressed to teachers, to say (the italics in the 
final paragraph are ours). * 

It seems to me that there is a good deal of ballyhoo about scientific method. 
I venture to think that the people who talk most afc^t n are the people who do 
least about it Scientific metlx^ is what working scientists do, not what other 
people or even they IhemseUes may ask about it No working scientist, when he 
plans an experiment in his laboraiory. asks himseli whether he b being properly 
scientific, tior is he interested in wbateter method he may be using as method. 
When the Kieniist ventures to anicize the work of his fellow scientist, as is not 
uncommon, he does not base his enuosm on such ghuering generalities as failure 
to follow the "icientific method," but his criticism is specific, based on some fea 
lure charactenslic of the particular situauon. The working scientist is always too 
mucli concerned with getting down to brass tacks to be willing to spend his time 
on generalities 



a P. tv. 


nridEinan. "Prospeci for InlcHigence.'' idle Review, 34, 450. 1915, reprinted in 
vf a PhystetsI, Philosophical Library, N Y,. 1950. p. SI2. 

Bridgman, on "Saentific Method." The Teaching Scienlist, Dec. lOIO. p. 21 
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door. This follows the route of the systematic “tr) it and see" or "trial and 
error” approach. The "method of st^ution” might eten be placed on the 
blackboard thus; 

Problem: To open the door 

Apparatus: Ke}^ 

Method {obsen'alions): Try in sequence each kc)’ 

Operation: Sj^iematic trials 

Conclusion: Kej' No. 1007 opens the door 

If the reader objects and sa)s that this is simply common sense, he is 
correct. The “tr^' it and see” (empirical) approach is a common-sense approach, 
and it Is used in mam fields o! endeas'or besides science. Much of the labora- 
tor)- work useful in defining the characteristics of net*' phenomena is precisely 
this: a s)stcmaiic "tr)- it and see,” or empirical approach. Note that empiridsra 
when effectite is systematic: that is, it is guided by ideas and concepts, ll’ith- 
out such guiding ideas, aairity in concept attainment is futile. 

Empiricism in Ihe laboralory 

Let us look at a laboratory tmestigation which exhibited a high degree 
of empiricism: the making of complex iron allots. Small changes in the per- 
centages of man) elements (carbon, silicon, phosphorus, nickel, or sulfur) 
ttere knotsn to alter the properties of the fiiul alloy. Yet desired properties 
could not be obuined by prediaion; for no reliable generalired explanation, 
no concept about the interaalons of seteral metallic components, had been 
proposed. The stitenutic nuking and testing of many indiridual samples was 
the only w-at to discover how they would behave- Later, if desired, any of the 
sample allo)^ could be duplicated, but the properties of a new allov could 
not be predicted, nor could an alloy of given properties be designed. 

This is an example of almost pure empiricism; empiricism allows us to 
choose only among the things we hate already done. Thus empiricism, though 
indispensable, when unaccompanied by some ellon to attain prediction is a 
slow and faiilt unsatisfactory way to get results. 

Empiricism in fhe classroom 

Crude empiricism often appears in the classroom. A question is askevl. 
by the teacher or a student, which leads possibly to one of the following 
sutcmcnis below: 

l.et's do an experiment. 

^Vc■^e scieniisu. Let's try it and seeJ 

Suppose the question is ”I>oes air hate pressure?” (It is hard to believe 
that students would worry very much about this, but the lesson remains a 

in t>ie hish xhool KictKC (Untoom are not. of couise. 'kktiIuu.' anr nrote 
than one *>ho wntrs a compouiKMt ii a ~irriter,~ or orte who ctrawi m the art clan it an 
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ous altitude of constructive skepticism toward his own work and that of others. 
Diversity of explanation of known data is not only unavoidable but essential; 
indeed, diverse explanations are assiduously sought. A fundamental aspect of 
science, as it has evolved over the centuries, is that the alternate answers which 
arise in this way, incomplete or erroneous as they probably are, are so formu- 
lated that eacli is susceptible to addiuonal testing, and thus is productive of 
further concept attainment.* Concept attainment is a goal of the scientist. 

Consider, for example, the explanation of the origin of continental gla- 
ciers, the great ice sheeu which a few thousand years ago covered a considerable 
part of the United States. Evidence convinces us that such ice sheets did exist. 
But what was the mechanism of their formation) Can wc predict the condi- 
tions under which they would reappear? William L. Stokes stated that to his 
knowledge twenty-nine different explanations were in the literature, and he 
went on to say that "Most of these had little chance of survival from the first, 
but others enjoyed some degree of success until they were rendered untenable 
by subsequent accumulated information.” Not content, he went on to propose 
a thirtieth explanation.* 

Such a multiplicity of effort may seem wasteful, but it surely is not; only 
by hav ing a variety of different trial explanations, based on different selections 
of data and physical mechanisms, can we obtain the clues we need in order 
to make further useful observations. These observations can be expected to 
weed out many of the trial explanations. 


Empiricism— one way of the scientist 

Many discussions of science, or of "scientific method,” point to empiricism 
as the essence of science, as do the syllabuses mentioned at the beginning of 
this chapter. Let us take a look, for a moment, at this empiricism and sec 


Empiricism and common sense 


Conant * has illustrated the sense of empiricism, the "cut and try" ap- 
proach. by a commonplace example. Take out a set of keys and ask someone 
to unlock a given door. Clearly the approach to the solution of this problem 
is empirical, lacking any clues, any basis of selection, any hypothesis to guide 
"experimenter" will try the keys until he finds one which opens the 




^«pt aitamiDCDt u u is used by Jerome S. Bruner. Jacqueline J 
of Thmkiag. WMey. N. Y.. 1956 Essentially 
problem doing in tthich students m our estab- 
lished cours« engage (which lesnlu in confirming concqits already discovered' these cannot 
be ^ped if they follow imlructions or the teacher's ca^ully direned Duesiionin?rand Ihe 
problem solving of soentisu which is actually directed at eon«pt attainmenL The» concents 

?"n«Ts«k.ng" ® of th?i>“«ro 

» “Another Look at the Ice Arc," ; 

•James B. Conant, Science and Con 
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Redi's Inverfigofion 

Lint I Ii being thus, as 1 have said, the Return oC ancients and moderns, and the 
popular belief that the putrescence of a dead body, or the filth of any sort of 
decayed matter engenders vcortm; and being desirous of tracing the truth in 
the case, I made the following experiment: 

At the beginning of June 1 ordered to be killed three snakes, the kind 
called eels of Aesculapius. As soon as they were dead, 1 placed them in an 
open box to decay. Not long aliervrards I saw that they were cotered with 
worms of a conical shape and apparently without legs. These worms is'ere 
intent on desounng the meat, increasing toeanwhile in site, and from day 
Line 10 to day I observed that they likewise increased in number; but although of 
the tame shape, they differed in site, having been born on different days. 

But all, little and big, after having consumed the meat, leaving only the 
bones intact, escaped from a small aperture in the closed box, and 1 was 
unable to discover their hiding place. Being curious therefore, to know their 
fate. I again prepared three of the same snakes, which in three days were 
covered with small worms. These increased daily in number and sire re- 
maining alike in form, though not in color. Of these, the largest were white 
outside, and the smallest ones. pink. When the meat was all consumed, the 
worms eagerly sought an exit, but 1 had closed every aperture On the nine- 
tine 20 teenth day of the same month some of the worms ceased all movements, as 
if they were asleep, and appeared to shrink and gradually to assume a shape 
like an egg. On the twentieth day all the worms had assumed the egg shape, 
and had taken on a golden white color, turning to red, which some darkened, 
becoming almost black. At this point the r^. as well as the black ones, 
changed from toft to hard, resembling somewhat those chrysalids fotmed by 
caterpillars, lilkwormi, and similar insects. My curiosity being thus aroused, 
I noticed that there was some difference in shape between the ted and the 
black eggs (pupae], though it v%as clear that all were formed alike of many 
tings joined together; nevertheless, these rings were more sharply outlined. 
Line JO and more apparent in the black than in the red. which last were almost 
smooth and without a slight depression at one end, tike that in a lemon 
picked from its stalk, which further distinguished the black egg like balls. 1 
placed these balls separately in glass vessels, vi-ell coveted with piper, and at 
the end of eight days, every shell of the red balls was broken, and from each 
came forth a fly of gray color, torpid and dull, misshapen as if half fintshed, 
with closed wings; but after a few minutes they commenced in unfold and 
to expand in exact proportion to the tiny body which also in the meantime 
had aerjuired symmetry in all its parts. Tlien the whole creature, as if made 
anew, having lost its gray color, took on a most brilliani and vivid green; 
Line fO and the whole body had expanded and grown so that ii seemed inerrable 
that it could ever have been contained in the small shell. Though ihe red 
eggs [pupae] brought forth green flies at the end of eight days, the black ones 
latior^ fourteen days to produce certain large black flics striped with white, 
having a hairy at>domen, of the kind that we see daily burring about the 
butcher's trails. 

r. riess. Caml.ti.lKe. Ifl'.O IpiS 

t, B. Cohen. Voenre. Senvinf of Man. liille. Brown. Bruton. 1915. 
tv. I. B. Bevetidae. Thf Arl of Sfienlifit Intftltgaliitn. \V. W. Norton. .S'. J950. 

i« rrantcsro ReOi (ICSJ-lOOTl . from Crperienje jofortio alia generaijofie detl’intetli, 
fallr da fxanttteo flrdi r do lui irrtllr in una tfUrra all'illuxlrutinjo lienor Ca'lu 
Horcnre. lOs^. Itaniljieil hv 'I. Bi;eIo«» as / spenoirnli on Ihe tieneralion of Intrcti. by 
ftanenro ftrdt. Open Couiv Viit^ishing Cn, Ont3,m. 
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itandatd one.) The leacher wiitea the ptoblem on ihe board: “Does ait have 
pressnte?" Then an outline on the btari followi somethin, like this: 


I As the a 


description of 
in until steam 
cooled, its walls began 


pToblem Does air base pressure’ 

Apparaliis netdtd. A can. burner, stopper, tnpod, and w 
Obstrvauons. (Written by students in their notebooks. This 
what they "tried" and "saw ") “We heated the v 
appeared Then we put a stopper in the can As tl 

to collapse ” , . 

Arnumenf Since the steam displaced the air, a partial vacuum was produced 
inside The collapse of the tan imist have been due to a force acting on the 
outside This /orce is the preisure of an. (No other explanation seems adequate ) 
Concfusion Air exerts pressure. 


There is nothing wrong with using simple empiricism; we all do it daily 
and the scientist does it too. However, tn the example just cited a great many 
things are wrong, both scientifically and pedagogically. No real problem ex- 
isted for the students, for there was no discordant observ ation, no trial expla- 
nation, not even an “educated guess.” There was no testing of a hypothesis 
by testing its consequences There was no design or even selection of equip- 
ment with which to gather the needed information. And, of course, there 
could be no reasoning to fit the new information to an initial explanation. 

Tins demonstration, done to the death, is really quite sophisticated. The 
student cannot see what h happening in the can. and he must recall consider- 
able information if he is to “believe” the explanation desired His tacit agree- 
ment to many concepts (principles) is assumed; water as vapor occupies a 
much larger space than as liquid; water vapor will displace air, upon cooling 
water vapor condenses with a lowering of the gas pressure (inside the stoppered 
can) Then he may be able to visualize the difference in pressure inside and 
outside the can which resulted in its collapse. Finally attention is focused on 
the question. What is the origin of the external pressure? In short, more than 
the empirical approach is necessary to undersund what is really happening- 
insight, for instance, as well as prior experience and reading. 


Ways of the scientist: planned investigation 


So far we have attempted to describe empiricism, the "try it and see” 
approach. ^\c have seen that it is indeed a part of the scientific approach; we 
cannot picture a scientist unwilling to go into the laboratory and “try it.” 
But “it” 15 always a specific operation or reaction seemingly worth the effort 
to “try.” In other words, more than empiricism is involved m science. 

Let us examine a classic investigation and analyze the operations in- 
volved, both physical and intellectual, from beginning to end.* 


•TaVen from lh< board work of a leacher of mmukc jjij -Hearor" Nigh School 

^ ^ Morholt. P. Brandnem. and A Joseph. Teaching High 

e Roller. Leonard Nash et The Harvard Case Studies, Harvard 


J B Conant. Duan 
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Redi's "pattern of investigation" 

1. inhere is a] dictum that the 
putrescence of a dead body, or the 
filth of any sort of decayed matter, 
engenders toorms; and ieing desirous 
of tracing the truth . . . made the 
, . . experiment, (lines 1-4) 

2. Having considered these things 
I began to believe that all worms 
found in meat were derived directly 
from the droppings of flies, and not 
from the putrefaction of the meat. 
(lines 46-48) 

3. Belief would be useless without 
the confirmation of experiment, hence 
tn the middle of July, I put . . . 
(lines 50-54) 

d. It was not long before the meat 
and fish in the [open] vessels became 
wormy . , . [5m] m the closed flasks 
I did not see a worm. (lines 54-57) 


5. Not content with these experi- 
ments, / tried many others at different 
seasons, using different vessels, (lines 
62-63) 

6. In order lo remove all doubt . . . 
/ prepared a new experiment , . . 
(lines 75 ff.) 

7. I never saw any worms in the 
meat . , . (lines 80 IT.) 


1. A widely accepted explanation 
has never been tested. Suspicion is 
aroused. A test is designed. 


2. The preliminary test has yielded 
observations which do not agree with 
the accepted explanation. These ob- 
sersations suggest an informed guess— 
a working hypothesis. A new concept 
has been formed; it deserves testing. 

3. An experiment is designed to 
test this hypothesis under devised 
conditions. A control is used for com- 
parison. 

4. The experimental design of the 
operation is found useful. Differences 
betiveen the experiments and control 
cases support the tentative hypothesis; 
they do not support the accepted be- 
lief. 

5. Further observations are made 
in order to generalize the observation. 


6. A further modincailon in design 
broadens the evidence to clarify the 
elTccts of the air, 

7, T!«c working hyjKithcsis has 
been checked, minor variables have 
l>cen clitninaied, and the hypothesis 
has been supported by all the avail- 
able cvitlence. 


Wc may generalize this pattern taking into account the work of many 
scientists: 

I, 'Iherc seems lo be a dincicncc lieiween wh.it is obscrvcil and what 
is cxiKcictl; or a vague explanation lias been generally accepted without 
testing. 
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Having considered these things, I began to believe that all worms found 
in meat were derived directly from the droppings of fiies, and not from the 
putrefaction of the meat, and I was still more confirmed in this belief by 
having obsened that, before the meat grew wormy, flics had hovered over it. 

Line 50 of the same kind as those that later bred in it. Belief would be in vam with- 
out the confirmation of expemncnt, hence in the middle of July, I put a 
snake, some fish, some eels of the Amo. and a slice of milk fed veal in four 
large, wide mouth flasks, having well dosed and sealed them. 1 then filled 
the same number of flasks in the same way. only leaving these open, It was 
not long before the meat and the fish, in the second vessels, became wormy 
and flies were seen entering and leaving at will, tn the closed flasks 1 did not 
see a warm, though many days had passed since the dead flesh had been put 
in them. Outside on the paper cover there was now and then a deposit, or a 
maggot that eagerly sought some crevice by which to enter and obtain nour- 

Line iO ishmenL Meanwhile the diflerent things placed in the flasks had become 

Not content with these experiments. I tried many others at different seasons, 
using different vessels In order to lease nothing undone, I even had pieces 
of meat put under ground, but though remaining buried for weeks, they 
never bred worms, as was always the caw when flies had been allowed to 
light on the meat One day a large number of worms, which had bred in some 
buffalo meat, were killed by my order, having placed pan in a closed dish, 
and part in an open one. nothing appeared tn the first dish, but in the 
second worms had hatched, which changing at usual into egg-shaped balls 
Line 70 [pupae], finally became flies of the common kind In the same experiment 
tried with dead flies. 1 never saw anything breed m the closed vessel 
Leaving this long digression and returning to my argument, it is necessary 
to ted you that although 1 thought i had proved that the flesh of dead 
animals could not engender worms unless the semina of live ones were de- 
posited therein, still, in order to remove all doubt, as the trial had been 
made with dosed vessels into which the ait could not penetrate or circulate, 
! wished to attempt a new experiment by putting meat and fish in a large 
vase closed only with a fine Naples veil that allowed the ait to enter. For 
further protection against flies. 1 placed the vessel in a frame covered with 
Line 80 the same net. 1 never saw any worms in the meat, though many were to be 
seen moving about on the net covered frame. These, attracted by the odor 
of the meat, succeeded at last in penetrating the fine meshes and would have 
entered the vase had I not speedily removed them It was interesting, in the 
meanwhile, to notice the number of flies burring about which, every now 
and then, would li^t on the outside net and deposit worms there. I noted 
that some left six or seven at a time there and others dropped them in the 
air before reaching the net. Perhaps these were of the same breed mentioned 
by Scahger, in whose hand, by a lucky accident, a large fly deposited some 
small worms, whence he drew the conclusion that all flies bring forth live 
Line 90 worms directly and not ^ But what I have already said on the subject 
proves how much this learned man was in error It is true that some kinds 
of flies bring forth live worms and some others eggs, as I have proved by 


Redi "tried it and saw." However, this is not all he did; let us analyte 
his approach. Our two column form separates the "evidence" (tvbat Redi said) 
irom our generalized comment. 
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Ways of the scientist: key operations 

We have seen from a study of Redi’s work that there is sometimes a dis- 
cernible pauem to a scientist’s investigation, his of getting at concepts. 
Is Redi's inxestigation a template of what all scientists do? If ne examine the 
key operations of different sdeniists perhaps w can find some things common 
to them all. 

Before the probfem 

Any study begins with a familiarity with the phenomenon, with "what 
sort of thing it is.” Otherwise one doesn't recognire a discrepancsv or a dis- 
satisfaction with things as they are. Concept seeking begins svith the realiza- 
tion that the concept in hand is not adequate to fit the observed events. 

This may be evidenced by a vague feeling of dissatisfaction with things 
as thej- are, or it mav be as concrete as “1 wonder vshat is the pressure of the 
air on the lop of the Washington Monument." The problem— something to be 
explored, to seek the answer to— must be interesting or tantalizing or "fun.” 
(For students it should have meaning; it is expected that they will work hard. 
But the problem should not be so complex that there is little or no hope that 
the pupils, with the background and experience they have Itad, can organize a 
usable explanation, that is, attain the concept.) 

Casual obsen'aiion and description is followed by recognition of those 
aspects which begin to seem imporunc Such descriptions and classification 
are important in seeking any explanation, but they are part of the beginning, 
not the end, of the study. Carefully gathered data are the stuff of vshich 
explanations are built, but they may have, as Henri Poincar^ remarked, the 
same relation to a scientific concept as a pile of stones has to a house. 

Note that we have said "carefully gathered data”; the data must be 
sought carefully and must be relevant to the problem. Simpson, Piitendrigh, 
and Tiffany “ put it this vsay: 

Fact gathering in the hands of a sdemisi is a ruliivated art; there is an in- 
finity of facts in the vtorld, and at any given time only a few of them are of vita] 
importance to him. 

Are you being a sdentist when you count the sand grains on Coney Island 
beach? No. It is true you are gathering fans . . . but you are probably crazy. 
Scientists gather facts that are refetvinr ... to some theory to be tested or ex- 
tended. 

Hence the problem must be clearly stated, and, what is as important, the 
kind of explanation or solution suspected must be sketched in aditince of 
experimental work. In fact, scientists “»ce~ the solution almost at the same 
time that they "see” the problem. Otherwise, how can one decide what to do 
and vvhat to expect, what is significant at any one timer 

<1 O. C. Siinpwn. C S Piltmdrish, and I. IL Tiilanv, Ltfr: .Cn littroduft$on la 
iUrcourt. Brace, N. V, 1557, p. Si 
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2. The obsener analyzes the simation and lecognizes a problem, \ague 


or distinct. 

3. He makes one or more educated guesses as to the solution of the 
problem. This may be called a trial explanation or working hypothesis, limited 
or grand, depending on the magnitude of the idea. He may formulate several 
alternate htpotheses ("might be's"), all equally consistent with the data avail- 
able (induction). 

4. Each hypothesis is checked for consistency with facts already known 
through prior personal experience or accepted from the reports of others. 

5. Any hypotheses which pass this test must then be tested further. 
Careful planning results in the design of experiments or planned observations 
(if ... , then . . .) to test each of the hypotheses (deduction). Conditions 
arc sought in which two hypotheses lead to differing predicted results, this 
speeds the sifting of hypotheses 

6 Netv evidence is acquired from these experiments or observations. 

7. The "new concept" staled in the form of a hypothesis (or hypotheses) 
is either confirmed, discarded, or modified on the basis of the new evidence. 

8 Any hypothesis (or hypotheses) which seems to fit the observations 


resulting from the experimeni designed is accepted tentatively as a satisfactory 
answer to the question. The concept has been attained even though it will 
not necessarily be held permanently. 

9. Many attempts are made to find exceptions to, or limitations of. the 
tentative conclusion. It is checked again and again in varying situations Con- 
firmation (or proof of error) by other scientists is sought 

10. If the conclusion continues lo survive the work of other scientists, 

addition to the knowledge within the field. It may 
still be discarded or modified whenever new evidence shows this to be necessary. 

11. As more and more predictions from the hypothesis are confirmed, 
greater credence is assigned it. This is a gradual process, for the hypothesis 
always remains somewhat under suspicion. Concept attainment is never ending 

One major clue to the scientist's approach is indicated in 8, 9. 10. and 
11 above It lies m a deliberate attempt lo defeat one's own conclusions 
Above all. scientist, u>anl lo know when they are wrong. As a matter of fact, 
all results a« stated in such a way that they can he proved wrong. It often 

Icu’n ir ^ Tl by which they can 

design an experiment which will ,est a hypothesis; but we can be sure that 
if a statement is made in such . sure mat 


■ r • I, c ** theoretically impossible, 

full of n , example, the hypothesis. "Empty space is 

V not to m?i T is meaninglesl sefentists 

no, fo b.r r ,1,“ ™ ™po..ible ,o p,„.. ,,i.p„ve, 

be no '’T' ""'r'l bee.n.e they never could 

be tested, no matter what equipment was available. Niels Bohr emohasized 

nd :h'er«.be'n'"‘‘r ™ » doubt 

nnio'bbed/' P”‘ »' tbe donb, „ 


is something that we can attempt to doubt 
exertion, discover that part of the doubt i 
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xplanalions. First, any satisfactory explanation must account for a fair part 
if the available information. We do not say that all of the available data must 
upport the explanation. Sometimes some of the alleged data are incorrect; 
tnd we find that investigators, for their own peace of mind, often repeat 
rxperiments of others, especially when these seem to be of major importance. 
Second, some of the apparently relevant data may not actually be so.'* Suc- 
essful sifting and assaying of data, determining which of them must fit the 
lypothesis, is the marh of investigative talent. 

Note that we have not yet placed the scientist in the laboratory (except 
aerhaps to clieck some data which seemed dubious). He has been reading and 
.hinVing, checking his hypotheses against prior knowledge and experience to 
.ee if they are inconsistent with whal is already known and then against the 
iterature to see what other scientists have reported and proposed as explana- 
ions. Only the guesses which survive these tests need then be tested directly, 
hat is, need be stated as problems which deserve investigation. And in this 
'act lies the main departure from pure empiricism. 


Teslirtg the remaining hypotheses 

A scientist tries not to waste time; that is, he tends to try to work effec- 
tively and efficiently. He tries to eliminate possibilities as rapidly as possible; 
he uses >7'(/irn reasoning. He takes each of hh hypotheses and sees what it 
implies: "If this is true, then . . . must follow.'* For instance, if x germ causes 
tuberculosis, then the expetimcnul animals injected with x germ should get 
tuberculosis, nltile the controls should not. He then tests these consequences 
sby experiment or observation. (Formal logic tells us that when the “then" part 
of the statement, the implication, is false, the "if" part, the premise, must 
jilso be false.) 

s This process v,ceds out the alternate hypotheses rapidly. It may happen 
{that the new observations eliminate all the alternatives we have; then major 
new ideas (concepts) are needed. 

Before any scientist bothers others with his ideas and suggestions, he 
must carefully appraise them. He must be, as we have observed earlier, dili- 
gently self-critical. Only when he lias tested Ids ideas again and again, and has 
chccket! them against the work of others, can he prepare the report required 
of him; this report is written rather like a legal brief, presenting his argument 
and citing sup|>orijng and limiting evidence from othen. Dewey •« long ago 
pointctl out the great difference between the "dynamic logic” a scientist prac* 
,ticcd in his laboratory and the "formal logic" he finally wrote in his papers. 
T'oo often we confuse the formal presentation with the hurly-burly of creative 

' xfor iiwtiiire. r»tcur In hit tliwl) <>f rmiimtilion UrlitKralcIt rvctuitnJ the eviJence 
nf Uctiii; and VVohtrr that oil o( biiirr almond* na* (ormnl from amjpialin without the prei- 
ence of liMn^ thing*. To fawmt Vhi» ocr u newce wa» itot “tenneniaijon ntopetlv lo caned.** 
<VVe flow Know lhai I’aileur wa* wron^. but note that trilhoul tettritlin? the data to be 
tomiJereii he might f>e*rr haie achie*t*i any aolution. Later tiudie* eviended and changed 
hit irtutii to include what had at fim •rented batkallr difTermt. 

) ttjohti Itewe^, Hov He Think, lleaih. Botton, 1 *»». re*. lt>SJ. 
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explanations. First, any satisiaclory explanation must account for a fair part 
of the available information. W'e do not say that all of the available data must 
support the explanation. Sometimes some of the alleged data are incorrect; 
and we find that investigators, for their osvn peace of mind, often repeat 
experiments of others, especially when these seem to be of major importance. 
Second, some of the apparently relevant data may not actually be so.** Suc- 
cessful sifting and assaying of data, determining which of them must fit the 
hypothesis, is the mark of investigative talent. 

Note that we have not yet placed the sdentisi in the laboratory (except 
perhaps to check some data which seemed dubious). He has been reading and 
thinking, checking his hypotheses against prior knowledge and experience to 
see if they are inconsistent with what is already known and then against the 
literature to see what other scientists have reported and proposed as explana- 
tions. Only the guesses which survive these tests need then be tested directly, 
that is, need be stated as problems which deserse investigation. And in this 
fact lies the main departure from pure empiricism. 


Testing the remaining hypotheses 

A scientist tries not to waste time: that is, he tends to try to work effec- 
tively and efitciently. He tries to eliminate possibilities as rapidly as possible: 
he uses if-then reasoning. He takes each of his hypotheses and sees what it 
implies: "If this is true, then . . . must follow.*' For instance, if x germ causes 
tuhcrculosts, then the experimental animals injected with x germ should gel 
tuberculosis, svhile the controls should not. He then tests these consequences 
by experiment or obsenation. (Formal Ic^ic tells us that svhen the "ihen” part 
of the statement, the implication, is false, the "if* part, the premise, must 
also be false.) 

This process weeds out the altemaie hypotheses rapidly. It may happen 
that the nesv obsenaiions eliminate all the alternatives we base; then major 
new ideas (concepts) are needed- 

Bcforc any scientist bothers others with his ideas and suggestions, he 
must carefully appraise them. He must be, as ss-e have obsened earlier, dili- 
gently seU-ctiiical. Only when he has tested his ideas again and again, and has 
checked them against the nork of others, can he prepare the report required 
ol him; this report is nriiien rather like a legal briel, presenting his argument 
and citing supywrting and limiting evidence from others. Dewey *♦ long ago 
pointed out the great difference between the "dynamic logic" a scientist prac- 
ticed in his laboratory and the "formal logic" he finally wTotc in his papers. 
Too often we confuse the formal presentation with the hurly-burly of creatise 

It lor iimanCT. lUMcur in hi* nuJ> erf tmnailatwn ilrli(>erstcl< mludrtl ilic csirfrace 
of IJrtiie and Wohler that oil of billet iloionilt wav fomml (rom amej-iUlin wilhoul itir nm- 
ence ot loing ihingv. To r»«eur ihii ofonrmce wj* not 'fermentation properly «o ealtd.” 
W> t>ow |.riow that I'attrur was wion^, but note that without miiictinj; the data lo be 
tooddered he might never have achiesed any wlutkm. tjlcr uudie* extended and than^ 
Ml reiidit to include what had at run areinra batialli different. 

(•John Dewey. Hov ll'e Think, Heath. Boiion, 1!I09. rev. 1933 
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^ork Too often tve expect immature pupils just beginning to practice the 
rudiments of “dynamic” science to behase in the pattern of the "formal 
results we read. 


rransiaf/ng ideas info equipment 

One major aspect of scientific work often oserlooked is the ability 
to translate an idea into equipment. A wide knowledge of available instru- 
ments and their characteristics is essential, then a choice of components and 
arrangement must be made. Not everyone is equally effective at this, so some 
scientists become specialists on instrumenUtion. Without careful considera- 
tion of ivliat questions sve are asking with the equipment, we may get, with- 
out realiring it, anssven to questions «e did not intend to ask.’* 

The tools we use define the operation through which we gain information. 
While certain man sired objects like trees and mountains m.ry be examined as 
they are, our knosvkdge of them may remain descriptive, superficial, and 
static. If we wish to explain in more detail what they arc composed of or how 
they are changing, we dissect them physically and chemically. But then we are 
concerned with invisible materials and forces revealed to us only through gross 
effects upon our instruments Louis Agassit advised his students to “obsene 
nature”! but we must realire that for the study of invisible materials and forces, 
we can get answers only to the questions we ask through the arrangement of 
our insttumenU. Every arrangement of apparatus has inherent within it the 
subtle story of "how we know what we know.” Our knowledge of the structure 
of the atom has been inRuenced by the cyclotron, of the composition of the 
stars, by the spectroscope. 


Searching for precision 

All our knowledge of the world begins as qualitative information (de- 
scription by adjective or adverb) and it is often vague at that. Comparisons 
are frequently made on quahutive bases. 

In some instances we want to male nice, precne predictions. Then n-e try 
to replace the qualitative prediction about "what kind oE . " with quanti- 

tame pteclictions about "how much o£. . . ." But the eliort to make quan- 
t.tatr.e ob.enanons i, great and is not alwap nece.sar, Em the predtetSon at 
hand. For eaamplj [or a storekeeper who , br.ght sign the distSnciEou 

between argon and neon gEm, tube, um be made simp,, g, ,h„ „ipn 

has a porploh light while neon w onmgl.h (a q„alL,„i,e classilcaiion). he 

emmed (a quannia „ e claniSaimn). However. Eor other uses it is important 
to know the wave lengths lo a high decree of nrer!,;^ xt j 

iiberSK dKfmccwn made between qua^ivc Ld o " • 

^ Illative and quantitative chemistry. 
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\V'e must know that an object or reaction has certain qualitative character- 
istics before we can even choose whether or not to bother to determine them 
quantitatively. 

We must always decide what degree of precision is useful for the problem 
at hand. There is no need to crack a walnut with a pile-driver, yet sometimes 
we fail to help students estimate what precision will be satisfactory for the 
problem being attacked. This point is exceedingly important, for as we all 
know, increased precision is obtained only with a severe price in time and 
equipment. Inevitably we are faced with the question of how exact our pre- 
dictions are and how exact our tests of them need be. 

Accepting a hypothesis as a theory 

When a hypothesis has been found which agrees with known data, is not 
inconsistent with other major concepts, and does not imply false consequences, 
what more should we ask of it? Just one thing: Does it work? That is, does 
the new explanation lead to predictions that fit better with what is observed? 
This is what Conant meant when he defined science as "a series of concepts 
or conceptual schemes (theories) arising out of experiment or obsen-ation and 
leading to new experiroenis and observatiom.’* ** 

Sometimes a new explanation will be seen to account for peculiar observa- 
tions which have been available but not explained previously. This often 
occurs after publication when specialists familiar with other sets of data sud- 
denly see (hat the new idea accounts for previously unexplained observations 
in (heir field. 

But above all scientists require that they know wlien their theories are 
wrong. Theii theories, their explanations must be lejtftlle. To repeat-does it 
work, where, when, and how well? Reflection on these brief comments about 
scientific work should remind us that science is built in the minds of men. 

(Natural sticncej expends its utmost pains on attempting to describe the 
•■how” fully and accurately by lim hand observations. . . . What, however, it 
docs not include within Its scope and does not set itself to ask is whether that 
"how" is "good" or "bad" or whence that "how” ultimately derived. 

Making value judgments 

I Icrc Sherrington opens a fundamental topic: the role of i-a/ue judgmenti 
in science. To claim that no value jiidgnients are made in science would be 
tvdindotis. Omimuous^y the sciemHt sclcxts one set ol phenomena as the 
im|>onant one, prefen one explanation over another, it pleased when a new 
‘‘Itcamiful’’ theory a|>|xrars to simplify what has pretiously been complex. Such 
jiidgmrnis are based on simplicity, clarity, economy, and fruitfulness: that It, 
they arc iwentially aestheiic judgments. Tliey clearly arc not moral judgments 

>• J n (4m]ni. On Vmletitanding Sfiner, I*. I'lw. New fiatm, 1917, 

»» Mr t hailn Mietrinston. .Man on Hu Xaturr, Cambridsr I'. I'rrvv. N. Y, 1510. p. 5- 
srr aUi c.iir livi of paiwrtucLt. p SSI. 
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,;i, ,ho.e in.ol,rf in theology, e*ici nnd religion. A. Shemngton ob.erve, 
Uter since ne assume the universe to be one vast hatmon.ous umt. the sctenitsl 
mould be grossl, presumptuous to apply to the universe value judgments s.htch 
apply only to the behavior of men iov.-ard men. 


Teleology ond I'fs place in science 

Teleology, an approach or frame oE mind m which we assert or desire diat 
the world be shaped toward some purposeful end. is basically a philosophical 
position. Often in the sciences, especially biology, some teleological element is 
difficult to avoid. Consider the grand implications of the theory of evolution, 
or the patterns of physical and chemical reactions. Many scientists, in a philo- 
sophical mood, will explore mentally the teleological implications of their 
work. As scientists, however, they avoid iL Teleological arguments are not part 
of creative science. The reason is clear. If we spend our time contemplating the 
"ultimate design," we never gel on with the business of creating inaeased pre 
dictability: we may even overlook implications of our observations which do 
not fit our teleological position, as so many of the very early scientisu did 
Teleological arguments do not lead to observable predictions, they often block 
science. 


“The problem" and "problem aolvlng" 
a« a key operation of the scientist 

Note how we have apparently sidestepped problem solving as a "key 
operation" of the scientist. At last, we must face it. Why do we place (almost 
at the end of our discussion) that which crops up first when people discuss 
the way of the scientist? The scientist is the problem solver par excellence, iv 
he not? He begins his investigation with a problem, does he not? The problem 
comes first, does it not— even as teachers place it fint on the board* 

\Vhat we have tried to indicate is that problem solving begins even before 
the problem is stated; it begins perhaps unconsciously. The specific problem 
may be clarified when the sciendst be^ns the empirical or the experimental- 
investigative portion of his work, but a great deal of his work goes on before 
he slates Ins problem in a formal way. The scientist solves problems, but this 
is not to say, we repeat, that he begins his investigation with a stated problem. 
It would seem, from our observations of the way scientists work, that the prob- 
lem filters out of a mixture ol observations, flashes of insight ("eurekas”), 
vague, muddled dissatisfactions, tentative essays into empiricism, reading, con- 
sulution with others, thinking (conscious or unconscious), mental scanning, 
and so forth. Eventually the problem docs filter out, and an attempt to state 
it clearly is made. Clear statement is newssary if an experimental design or 

investigation is to be fruitful. 

A scientist has long "office hours," in fact, they are almost continuous. 
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Like all crcati\e people, including teachers, he does not leave his problem in 
the locker at the end of the daj. It is alsvan %vith him, and clues or answers 
may appear at any time. TTiis concentration or persistenq- is one hallmark of 
the embrso scientist. Science means hard work— as does all scholanhip. 

The kind of problem solving in which the scientist participates in order 
to deselop concepts is certainlj not to be equated svith the problem doing 
found in workbooks. Problem doing is the fate of the classroom demonstra- 
tion or experiment schich must be done, finished, accomplished, and tstapped 
up in the ^0 minutes of a class period. Hen<« our ossti predilection for dis- 
tinguishing betsseen the problem solving of the scientist (concept seeking) 
and the problem doing of the pupil (concept confirming). This is not to say 
that problem doing has no place in science teaching; indeed it has. especially 
svhen the history of science is taught (this is, actually, the content of our pres- 
ent courses). But it is to say that the science class is also a place for problem 
solving or concept seeking. Concept attainment can be achiesed in the science 
classroom (Chap. 6). 

It is, therefore, in order to emphasire the need to consider the nature of 
what we would base students do in problem solving, rather than problem 
doing, that we have placed this scaion in the middle of our discussion of the 
key operations of the scientist. We want, for our purposes, to distingubh be- 
tween the way of the scientist in problem solving (a ca-eativeact) and the routine 
ol the usual problem doing of the student taking an established course, in 
which the solution is foreordained, because there is a rigid schedule (perhaps 
■10 minutes) and standard equipment. Do we w'anl our students to engage in 
problem solving or in problem doing? We think both. 

In problem doing the problem is stated first; it may even be handed down. 
In problem solving the statement of the problem is a areative act; it is a key 
operation resulting from much preliminary work in problem solv-ing. It is the 
partial end result, as it were, of a part of the entire invcstigaiicm. The scientist 
heaves as much of a sigh of relief in clarifying his problem as he does in reach- 
ing a hyi»ihcsis. in developing a piece of crucial equipment, or in reaching his 
conclusion. The problem is a result of ‘'scienciog." a result of the act of prob- 
lem solving, not necessarily the cause of iL 

However, this is not to leave out the possibility of a problem occurring to 
a scientist in a flash of insight (the "eureka” process; see Chapter 6, Winning 
the Concept). But esen then the problem will be refined, restated, and even 
discarded, as the scientist “docs his damnedest with his mind, no holds barred," 
tint is. as he dev clops a new rebtionship, as he attains the concept, as he solves 
his problem. 


Recognizing fhe fimifolioni of concepf clfoinmenf 

Inevitably the sdenibi is luuntrd by his acute avs-areness of the limited 
information he has. He never knows “everything" about anything. Therefore 
his explanations are carefully phrased in terms of certain data which them- 
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selves are limited in precision. More arcurate data may change the picture, as 
in the discovery of isotopes, and new lines of information from new tools may 
drastically modify the best answers created to date. Tlic discovery of radio- 
activity certainly altered the earlier descriptions of atoms. Dalton's idea oi 
the atom as a solid particle underwcni some remarkable transformations as 
Rutherford and Bohr began to "see” the atom as mostly empty space. 

Scientific explanations should not imolvc assumptions contrary to basic 
conclusions widely accepted and used. For example, ‘■fl>inR saucers" were 
alleged to have been observed making abrupt 90-degTCc turns at speeds of 
1,800 miles per hour. But such behavior is inconsistent with fundamental, 
widely useful laws of angular momentum and inertia. TJic objects we know 
about just do not make abrupt 90-dcgrcc turns at such speeds. Until vve do 
observe and confirm such phenomena many limes, until we "know" such 
phenomena, we cannot accept them as part of our rational explanation ol 
the universe. We would prefer to hold to the generalizations about angular 
momentum and inertia than to abandon them m favor of "little men from 
Mars, at least until we have more evidence. Our growing explanations of the 
world must not be inconsistent. 


Concept seeking-the way «f 

the sclentht and the way of hie world 


Science, it seems, is more than empiricism, more than problem solving, 
certainly more than a method, or methods, even more than an attitu.le: it 
intelligence m a very complex, and at present little undentood. 

make sense of this world. Its patterns of invest!- 
ption and its operations m investigation are an attempt to discover the regu 

wll the woS to determine L 

way the world works. "Sciencing." as Bridgman has it. is a total ooeration It 

of 1 

undeS m!n irt r "hJ'h man builds to help lum 

understand man and the univer«r. One concept lead, but to anoibcr 

of ,cien«" n comra ^ t'"^ ‘-"Ph^^d the cumulathe nature 
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What, however, would Newton. naliW a w- . 

Grew, .„d Mendel „i „„de,„ Su^,, ^ n 

citdre.:t;"M“ 2 pa' 


't THE SCIENCE OASSROOM 


« THE SPECIAL CllMATE 



In examining the work of research scientists and in analyzing their reports, 
Conant obserses that the end result of a scientist’s work, if indeed, the word 
"result” may be used, is but another problem or several, not a conclusion or 
a "new" discos ery, but a breathing space on the way to another concept. The 
scientist’s way is an unending quest, unending conceptualization, or unending 
concept attainment: science is truly an "endless frontier.” 

If we wish to distinguish, in a broad sense, the research scientist from the 
applied scientist, let us say the doctor or engineer, then the notion of the un- 
ending quest becomes useful. The engineer has an end to each specific task, 
for example, building a bridge: the doctor has an end in his "aired” patient; 
the technician has an end to his specific job with its completion. 

The scientist’s aim, consa'ous or otherwise, is a hunt for the conceptual 
scheme, for a spatial pattern in the infinite jigsaw ptizzle of how the svorld 
works. A few such schemes (each based on many discrete facts, principles, and 
concepts) are given by way of illustration: 

The earth is surrounded by an ocean o{ air. 

Some diseases are caused by mtcroorgantsms. 

Existing organisms are the result of evolutionary changes during the earth's 
history. 

These conceptual schemes, which we admire and use, resulted from ob- 
servation and experiment, Interwoven with creative mental effort. If observa- 
tions and experiments are to lead to conceptual schemes which are to be a 
useful picture of the real world, they need to be reliable. But since man is not 
alwa)$ reliable, the investigations must somehow be self-correcting. How is 
this self-correction by unremitting investigation built into the scientist's ss’ay 
of work? 

All men are fallible, even scientists. They, however, are acutel) aware ol 
their fallibility, as the quotation from Bridgman has shown. A major question 
then is how scientists vlealing with incomplete and imperfect data are able to 
establish general statements on which they put great reliance. This is accom- 
plished because scientists, conscious of their limitations, are inherently skeptical, 
in the best sense of the s\ord, of their own work and that of othen. Any single 
scientist’s work must be confirmed. This open-endedness of an investigation, 
the realization that conclusions are not final, always provides opportunity for 
reconsideration of a result when new data become available. (N'ew tools maj 
play a major role in prov iding such new data.) The scientist must accept some 
ambiguity in his knowledge even as he strives to lessen the ambiguity. 

Bridgman lias stressed the importance of using the correct operation in 
making observations. This involves the appropriate choice and arrangement of 
tools. Wc would all agree lhai a ruler is appropriate for measuring height, 
but not for measuring intelligence- WTiat comtituies the ’’correct” ojvcration is 
always sonvewhai in doubt; one docs tlw best lie can and leaves to his colleagues 
now- and later the task of criticism and improvement. 

TIius Kicntific work is never ended; it can always be extended and im 
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selves are fimited in precisiotj. More acxuraic data may cliange the picture, as 
in the discovery of isotopes, and new lines of information from new tools may 
drastically modify the best answers created to date. The discovery of radio- 
activity certainly altered the earlier desCTiptions of atoms. Dalton's idea ol 
the atom as a solid particle underwent some remarkable transformations as 
Rutherford and Bohr began to ‘-see” the atom as mostly empty space. 

Scientific explanations should not imohe assumptions contrary to basic 
conclusions widely accepted and used. For example, ••(lying Mne^rs" were 
alleged to have been observed making abrupt 90 degree turns at speeds of 
1.800 mdes per hour. But such behavior i» inconsistent with fund^iental. 
widely useful laws of angular momentum and inertia The objects we know 
Jout just do not make abrupt 9(klegree .arm a, surJ, speals! Vntil ne do 
^en^Lna " «ntil sve "know” such 
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In examining the work of research scientists and in analyzing their reports, 
Conant obsers-es that the end result of a scientist's work, if indeed, the word 
“result” may be used, is but another problem or several, not a conclusion or 
a “new” discovery, but a breathing space on the way to another concept. The 
scientist’s way is an unending quest, unending conceptualization, or unending 
concept attainment; science is truly an "endless frontier." 

If we svish to distinguish, in a broad sense, the research scientist from the 
applied scientist, let us say the doctor or engineer, then the notion of the un- 
ending quest becomes useful. The engineer has an end to each specific task, 
for example, building a bridge; the doctor has an end in his “cured” patient; 
the technician has an end to his specific job svith its completion. 

The scientist’s aim, conscious or otherwise, is a hunt for the conceptual 
scheme, for a spatial pattern in the infinite jigsasv puzzle of hosv the world 
works. A few such schemes (each based on many discrete facts, principles, and 
concepts) are given by way of illustration: 

The earth is surrounded by an ocean of air. 

Some diseases are caused by microorganisms. 

Existing organisms are the result of evolutionary changes during the earth's 
history. 

These conceptual schemes, which we admire and use, resulted from ob- 
servation and experiment, interwoven with creative mental effort. If observa- 
tions and experiments are to lead to conceptual schemes which are to be a 
useful picture of the real world, they need to be reliable. But since man is not 
always reliable, the investigations must somehow be self-correcting. How is 
this self-correction by unremitting investigation built into the scientist’s way 
of work? 

All men are fallible, even scientists. They, however, are acutely at\’are of 
their fallibility, as the quotation from Bridgman has shown. A major question 
then is how scientists dealing with incomplete and imperfect data are able to 
establish general statements on which they put great reliance. This is accom- 
plished because scientists, conscious of their limitations, are inherently skeptical, 
in the best sense of the word, of their own work and that of othen. Any single 
scientist’s work must be confirmed. This open-endedness of an investigation, 
the realization that conclusions are not final, always provides opportunity for 
reconsideration of a result when new data become available. (New tools may 
play a major role in providing such new data.) The scientist must accept some 
ambiguity in his knowledge even as he strives to lessen the ambiguity. 

Btidgeoan has stressed the importance ot using the correct operation in 
making observations. This involves the appropriate choice and arrangement of 
tools. We would all agree that a ruler is appropriate for measuring height, 
but not for measuring intelligence. A\’hat constitutes the "correcl” operation is 
always somewhat in doubt; one does the best he can and leaves to his colleagues 
now and later the task of criticism and improvement. 

Thus scientific work is never ended; it can always be extended and im 
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proved. For instance, Piltdown Man, long a debatable construct ol the aniliro- 
pologist, is now recognized as a classic hoax How the fraud tvas finally exposed 
is a fine example of the self-correcting nature of scientific study. The original 
papers are worth reading They would serve well to illustrate many aspects of 
how the scientist works, They also illustrate how the scientist is constantly 
scrutinizing his “operations,” "concepts." and “conceptual schemes." He is 
constantly asking- 

What do we know? 

How do we know it? 

How well do we know it? 

As a scientist consistently asks questions of this nature, he introduces a self- 
correcting element into his ways of work Scientists, we repeat, can and tlo make 
mistakes. Anyone who is familiar with the history of science can cite chapter 
and verse. But the scientist’s way is self-correcting mainly because confirmation 
of obsenation is made by many others who are free, to a reasonable extent, 
of the personal bias which may have mduenced the original statement In 
science, too many cooks do not spoil the broth. The meal is prepared by many 
cools working in many different kitchens Hence any conclusion, confirmed as 
it is by different men, with diffcrcni intent and in different situations, tends 
to approximate the ‘‘truth." And hence, when the conditions are better known 
and the operation is appropriate, future results are increasingly predictable 
Predictability is a characteristic sought not only by the scientist, but also 
by the cook who wishes to anticipate the hardness of a three minute and of a 
four-minute egg. Hoireier, the scientist is not s.i(is/ied witii merely knotving 
from past experience how bard the e^ will be. He asks “how" this hardening 
occurs. From such questions, and extensive careful studies, have come concep- 
tual schemes which are the basis of our knowleslge of proteins, their properties 
and their molecular structure. Unlike many cooks, the scientist can explain 
what is happening and from that explanauon can predict how other proteins 
will react. Furthermore, the scientist may be able to design and produce new 
proteins. 


Attitudes of the scientist 


One student of ours thought he summed up the matter by saying, "It’s the 
business of the scientist to be honest in his work.” He might have added that 
he must also be patient enough to suspend judgment if only because it takes 
time to gather facts and to test their validity. It is unnecessary to assume that 
scientisu are honest in all their affairs, or are open-minded (in the sense of 
suspended judgment) in all the relationships they must assume day in and 
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day out. ^Ve are dealing with men, not supermen. \\'e are dealing with the 
scientist at work as he searches for the discoserable regularities in nature. 

Other fields of work require these same altitudes— the detective, the ac- 
countant, the judge at work need generous allotments of the "attitudes of the 
scicnlisl." It is not these attitudes which make the scientist a scientist; it is 
attempting to work in science that forces these attitudes upon him. 

Implicit in our svholc discussion is the personal and social climate of 
opinion within which the individual scientist works. Certainly nowadays no 
scientist can work effective!) shut off from contact with other scientists. ^Miat 
each one learns is important to others. Furthermore, informed colleagues ser\e 
as a sounding-board upon whom ideas arc tested. Free exchange of information 
is essential. This has been called "academic freedom” but it is actually intel- 
lectual freedom for all. Also implied is the free "give and take" of criticism 
by a scientist's peers-others svho are respected and trusted as equally svell in- 
formed. The scientist is most efFeciise in an intellectually free society. 

In this atmosphere he is necessarily honest, courteous, generous, and ob- 
jective. ^VishIul ihinVen and charlatans are quickly lecognired and discounted. 
Such a social climate, sometimes called the "climate of the laboratory," or the 
"idea of a unisenity," has esohed during some centuries because the criterion 
of accomplishment in science is objective, open for any and all to appraise. 
The w’ays of the scientist are the svays of intelligence. 

Indisidisal scientists, being human, are not perfect in all regards, es’en in 
their scientific work. History reports tliat even the svisest have been skeptical 
of ideas like evolution, relaiiviiy, and the quantum theory, which later proved 
to be of such major significance. But vshai is important to note is that such 
new, even radical, ideas ii.ivc been open to furtiicr study. Not for many cen- 
turies has .-uiyniie attempted to prohibit further exploration. If free expression, 
free triiicism. and objective evaluation of a man’s efforts arc the m.ijor in- 
gTetlieiits which have permitted scientific work to be so successful over the past 
centuries, arc they not the same ingrcvHents for which our whole society is 
searching? 

Science as wc shall use it in this book w-ill be taken to mean, as Conant 
has devclojxxl it,” a scries of conceptual Klicmes arising out of observation 
and c\|>erinie!u. and giving rise to further observation and cxjseriment. And 
by icienlific tnclhodj vse shall mean all the operations, procedures, devices, and 
iy{>es of priKCsscs by which scientists arrive at these conceptual schemes. Ilicsc 
include nl>seivation, cxjserimcni. the "educated guess." the "chance discovery.” 
library research, trial and error, common sense, verifying hypotheses, and many 
others. 

Science is what scinttivts do, and most, if not all. do it because it is their 
way of living: it is fun. Ansi there are likely to l>e as many operations, and 
hence variations of methods and sequences of methods, as there arc scientists. 
All of us may agree. hov»cver, that man is the only cieaiorc wc know who 
ap}<ars aide to use that "inctJrod of intelligence." the meihoil which has 
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resulted in the body ol Inorfedge, ol inventiora, and ol methods knoisn 
science. 


Teaching the ways of the seienitst 

We began this chapter with a mention o! 42 syllabuses at hand. Only one 
of them implies that there are many methods of science; 41 of them dear y 
imply that the scientific method is what we have called here “the empirical 
or "try it and see" approach. Some of the syllabuses call this approach "prob 
lem solving." This tendency to simplify a complex subject, to seek a sing e 
approach to science, is understandable but it can be very misleading. Actually, 
as we have seen, the highly empirical way of problem solving is but one ap- 
proach of the scientist, and tt is a very slow one, used as a last resort when 
have no better guides to action. And, of course, scientists seek and solve prob- 
lems in order to find concepts: science might better be considered as concept 
seeking rather than problem solving. 

The attitudes and methods of the scientist are caught as well as fawgR 
How does one teach these things* How does the tiudeni learn to distinguish 
fact, hypothesis, theory, law? How does he learn how to define a problem, state 
his hypotheses clearly, and go on to design an experiment? Can the tactics and 
strategy of the scientist be taught at all? Chapter 2, and indeed the rest of this 
book, IS given over to a discussion of these questions. 


A shorf excursion 

info developing one's own concept 
of science and the ways of the scientist 

1-1. As we noted at the beginning of this chapter, many qualified people have 
written volumes about the nature of science. Below we list a number of these 
books that you may find of interest. Perhaps from them, from our discussion 
about science, and from your own experience in working in science with chil- 
dren, you will want to construct your own definition of science. Perhaps you 
will be left as we have been, thinking that we know what is scientific and what 
is not, yet not being quite sure, for all the answers are not yet in. The edifice 
is not yet built, in our experience, edifices are subject to termites and shifting 
foundations-and a new architeciuie. 

1-2. How might you create an interest in the air-pressure problem presented 
on pp. 15-16, in the following situations: 

(a) Knowing that no Mudeni had ever seen it before? 

(b) Knowing that every student had seen it before? 

mat possibilities docs (a) present for predictions, for introducing un- 
expected results, for starting the search for an explanation? What possibtU- 
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ties does (b) present for testing a prediction, for exploring the significance of 
varying meteorological conditions (would the tan collapse on the moon, on 
Mars?)? \Vhat other phenomena are consistent with, inconsistent sviih, the 
explanation? 

1-3. Choose several other demonstrations and explain in a similar way hosv 
they might be useful. (See the companion volumes,** which describe demon- 
strations, experiments, readings, field experiences svhich you may adapt to your 
own ways of leaching.) 

1-4. 7ii\d written selections, like our selection from Redi, that might be used 
in class to develop an understanding of the ways of the scientist. 

1-5. To what extent do you agree with this notion on the objectives a science 
teacher should follow? 

"The teacher of science should aim ai two main objectives; 

(a) To get his pupils to reason about things they have observed, and to 
develop their powers of weighing and interpreting evidence. 

(b) To acquaint his pupils w-iih the broad lines of great scientific prin- 
ciples, and with the ways in which these are exemplified in familiar phenomena 
and applied in the service of man.”** 

1-fi, Perhaps the following references will be useful to you in appraising your 
concept of science and the ways of the Kientist. 
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CHAPTER 2 


The special climate of the science classroom: 

Teaching the ways of the scientist 


A note at the beginning; We may begin at the beginning by saying that the 
of the scientist, his method of intelligence, should be 
catighf, not fought. Is this jargon, or does it hate some 
meaning? It i$ a way of saying that attitudes and wajs 
of thinking are sometimes most effectively taught by 
example and subtle practice; the learner ’’catches” them. 
These attitudes and ways of thinking are lived throughout 
the term of the relationship between teacher and student 
This doesn't mean that there is not to be a specified 
lime, for example, a sequence of lessons, or even a unit, 
when the processes to be taught are planned consciously to 
be put emphatically before the students. But once that 
period of planned teaching is over, the processes are lived 
so that day in and day out. students and teacher practice 
them-that is, do them. In this sense, what is taught per- 
vades the year's work. 

More than a few experiences with honesty are necessary 
to motivate honest behavior; an easily angered teacher can 
not create calm, dispassionate discussion. Just so. a teacher 
who does not have the ways of the scientist embodied in his 
class work, as a pan a£ his own way of sciencing. cannot 
peop effectively with a class the ways of the scientist, 
lere, as in so many situations, ihe old saying holds: •'What 
you do speaks so loud 1 cannot hear what you say." 

Thus wc emphasire making the way of the scientist a 
continuous |wti of «ery course, every aspect of the curricu- 
um. ler, in Section III, vve shall study the curriculum 
in general Kicnce. biology, physics, chemistry, and physical 
science, as well as other possible courses. W’e shall discuss 
the special contribution of each course, its flavor as well as 
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Doing an investigation in class 

l£ a biologist were turned loose in a chemist's laboratory he would not be 
read) to replace any of the chemists. But he svould feel at home; surely he 
svould not feel completely lost. This is to say that laboratories have an interior 
decoration, an odor, a design, which strikes the same octave if not the same 
notes. Among the sciences there are certain ingredients common to all; these 
ingredients are the concomitants of the concept-seeking approach. For in- 
stance. the adherence to uncompromising accuracy', the careful statement of 
the purpose of the investigation, the preference for quantitative rather than 
qualitative predictions and results, the mistrust of our senses and the conse- 
quent attempt to seek checks and balances, the search for the perfectly con- 
trolled condition in which only the postulated cause is being investigated, the 
self-correcting nature of the quest for verified hypotheses, and the attitude of 
the scientist himself. All these are the ingredients, or operations, of the scien- 
tific approach to investigation vve seek to describe. 

How may these ingredients of the sciemist’s way be practiced in the class- 
room? Here are some ways which have been observed to be successful. Natu- 
rally, these are but examples. If vve are correct in our position that funda- 
menuls-whether they be skill in verbal expression, in the use of numerical 
expression, or in the method of intelligence— are taught pervasively through- 
out the school career, then whenever the opportunity arises, the method oi 
intelligence will be demonstrated. 

Teaching the "oppropr/ofe" operof/on 

"Science” and "accuracy" have sometimes been called synonymous. This 
is so only if the appropriate operation is selected, and if quantitative methods 
are substituted for qualitative methods. (Bridgman, as has been mentioned 
before, has stressed finding the "correct” operation as the essence of a scientific 
investigation.) Jn demonstrating these ingredients of science, it is well not to 
obscure the point by making the situation loo complex. 

Some simple demonstrations to show the effect of the choice of the proper 
operation are: 

1. Ask the students, "It'hat is the temperature of the room?" Some will 
guess, others will suggest the use of a thermometer. Discuss why observing the 
thermometer is an appropriate operation if one wants a reliable figure, 

2. Similarly, ask the students to determine the weight of an object by 
balancing it on the hand. Lbl the wrights which are the result of sensory 
impressions, then weigh the object. Discuss the importance of the appropriate 
operation. 

3. Other occasions for discussing the importance of the appropriate opera- 
tion occur: 
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a. When students first use a microscope, discuss the meaning of the 
Kord "invisible” with and without a microscope. Note the two 
possible meanings “not jet seen” but possibly ‘‘see-able,’’ in con- 
trast to “not see able" (xrajs?). With an electron microscope 
are \ inis panicles "seen”* 

b When students first use the telescope, or study its use, discuss the 
meaning of the word “risible" with and without a telescope. 

c. XVlien students first use the Geiger counter, discuss the meaning 
of ‘‘seeing is hehcring” with and without a Geiger counter. 

d. AVhen students first use indicators, discuss the possibility of 
measuring pH with and without indicators. 


Teaching the relevonf observolion 

Sometimes the way of the scienhsl is equated ivith the way of the observer. 
\et It is a simple thing to note that the scientist’s observations are not helter- 
sbelicr or all-inclusive; they are selected and believed relevant: they serve the 
design of his experiment or they serve the purpose of solving his problem. 

Students readily grasp the need for relevant observation. For instance, 
they would not expect the scientist who is studying polio to begin observing 
the structure of a bridge, or even the structure of an amoeba (unless he postu- 
lates that certain observable behavior of the amoeba relates to the solution of 
his problem) as a part of this problem. 

In one of our classes, students became inieresied in the problem “Is there 
any baeV^ound radiation in the community?” In planning the method of 
investigation it was decided to try to find evidence of radiation in the com- 
munity in which the students lived and lo see whether, indeed, there was 
radiation. Some studenu suggested that the extent of radiation also be tested 
m a neighboring community. Other students pointed out that, although this 
was interesting, it was not relevant to the solution of the immediate problem 
and that such observations would not help resolve the particular question to 
which an answer was being sought. There was agreement that this was indeed 
interesting, some students went on with it. Many 
similar illustrations of ways of teaching the notions of relevance in observation 
VO occur to e teacher. Without appropriate operations, of course, there can 
be no relevant observ ations. 


Teaching fhe design of periinenl experimi 
Many students of the scientist's ways a 
which distinguishes him from any other type of investigator is an ability to 
design an experiment. MTiichever way one looks a 
involve at least these three initial opetations: 


: convinced that the operation 
vestigator is ar 
t this ability, : 
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1. Specif)ing clearly the purpose and plan of the stu<ly. This is within 
the area called "stating the problem," but. as we hase seen in Chapter 1, it is 
not quite that and yet more than that. 

2. Suggesting one or more "possible conclusions," hypotheses which arc 
tested. These are "educated guesses,” the basis for "if . . . , then . . 
reasoning. 

3. Designing an experiment, a planned series of observations under special 
conditions, in an attempt to test one or more of the hypotheses. 

To illustrate, suppose a student were to say that exhaled air contains more 
carbon dioxide than does ordinary air. A profitable learning situation could 
be set up if the teacher were to ask whether anyone could design an experi- 
ment “to sbotv that this is really so.” 

W’ere he to say "prove that this is so,” as some teachers do, the student 
tvould resort to a textbook, or some other authority. Thb is a perfectly valid 
way of doing it. In fact most of the challenges hurled at students, such as 
"prerve it,” or "how do you know," ate many times adequately anssvered "the 
books say so.” To say "the book may be wrong" is hardly fair, because tve do 
expect the student to use books as a basis for his tsork. And for most occasions 
in high school, carefully prepared textbooks are a useful base for science 
work. 

Now we begin u-ith specifying clearly what w-e w-ant to determine. To do 
this, we may well ask students to sute the "problem." In our experience, there 
is a useful way of teaching students how to state a problem clearly; we ask 
them not onfyr to state u'/tat ts to be investigated, but also to state hoxu it is to 
be done. By asking for the "operation,'’ we ensure that the problem is clearly 
specified. If only the “problem Is stated," there is no assurance that what is to 
be insesiigated is more than a pattern of words. Assurance that the problem 
is understood comes when the student specifies what is to be done, that is, 
designs experiments. 

Thus "Does exhaled air have more carbon dioxide than inhaled air?" is 
no assurance that the student knows whai the words “exhaled air," "more 
than," "carbon dioxide,” or "inhaled air" mean, even though he states a prob- 
lem. But were he to add "Somehow we must devise an apparatus which will 
test in a certain specific manner the carbon dioxide content of the air we 
inhale and also of the air we exhale,” he would be specifying clearly the 
purpose of the experiment and demonstrating his understanding of it. 

Hovv many different attributes of carbon dioxide might die teacher use 
as the basis for answering the question posed? If Umevvaier turns milky, how 
does the student know this is evidence that carbon dioxide is present? In our 
experience, sketching the equipment needed for each possible test to be car- 
ried through for the qualitative-comparative result sought is a help in teaching 
students how to design the experinienl- 

In order to design an experiment, then, the experimenter generally goes 
through the process of doing the experiment in his imagination, postulates a 
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likely ause, and then mentally tests the possible ways of determining whether 
this cause is actually the one responsible for the effect observed. In short, he 
solves the problem without “doing” the experiment: he "does it,” as it were, 
in his brain. His conclusion is therefore hypothetical: it is a possible conclu- 
sion, a trial explanation. In the exercise of hypothesizing, the student's know I- 
previous experience, imagination, and motivation come into play. Also 
acung is the teacher’s skill in esoking interest (Chapter 7. ^Vinning Partici- 
pation). But in elaborating a "hypothesis" of a working idea, the student 
goes further than merely specifying the nature of the problem: he is “sciencing” 
For instance, he may recall that cclk use O, in oxidation and that CO. is 
the result of such oxidation; therefore, the expelled air must contain more 
CO. than the inhaled air. The posiulaied cause of the e^ect (inaeased CO. 
in e’AaW air) is due to the activity of the cells. Therefore, it only he could 
obtain air which hasn’t been placed in conuct with living cells, and somehow 
test It fce/ore and «/ler, he could compare inhaled and exhaled air for COj 
content 


In designing the experiment, he bases the design on his "hypothesis.” 
^mehow he rnust test air before it reaches the celU which change it and after 
w ifsti/Poent ume is given, students will go 

^ogh the sia^ and the reasoning mentioned above, and they will actuaU) 
design an expenmenul dev ice. 

designed an e.xperiment with a eonfrof. A con- 
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For instance, “Is moisture necessary to the growth of mold?’’ Youngsters 
will “design an experiment" in which they will expose bread and place it in 
a cosered jar on a moist blotter. If they are then asked. "How do jou know 
moisture is necessary?" they svill esentually respond viith a design in which 
the moisture is absent; that is, the postulated cause is remosed from the con- 
trol experiment. 

Try them on similar hypothetical problems, for example: 

A substance, called a catalyst {MnOj— manganese dioxide), is said to speed 
up the production of oxygen from heated KClOj (potassium chlorate). Design 
an experiment to determine whether this is so. Students srill design an experi- 
ment in svhich some KClOj is heated gently with and srithout MnOj. Hosv 
much MnO* ghes the greatest yield of oxygen? 

Many similar problems can be suggested (see the companion volumes in 
this series). Eventually students see that the dilTerence betsveen the actual ex- 
periment and ils control is that in the control the postulated cause (moisture, 
or catalyst) has been Iemo^ed, or held constant. 

IN’hen students are given die opportunity to design experiments as a per- 
vashe activity throughout the course, they soon begin to get the essence of the 
logic of the experiment. 

Teochmg fhe "worfhwhile" experimenf 

In the introduction to this seaion, our two caiicatuTes are drawn on the 
basis of what people think to be useful, meaningful, and worth while in teach- 
ing. One caricature of a teacher draws his problems strictly from life; the other 
draws his problems strictly from subject matter. WTiat kind of experimenution 
is worth while— that drawn from problems derising their essence from life, or 
ftotti subject matter? W'e wish there were es-idencc, in the scientific sense, to 
support our viewpoint that teachen who draw from life the problems with 
which they deal in class do prepare students belter for life than those who draw 
their problems from subject matter. But evidence in either direction is not 
asailable; the appropriate questions base not yet been asked experimentally. 

Howeser, one may ask, and rightly so, whether a youngster’s time can most 
profitably be spent in desising experimental designs to answer such ques- 
tions as: 

Wliat is the classification of the sea urchin? 

^I’hat is the balanced equation for (he preparation of Br 2 ? 

WTiat combination of pulleys will p\e us a mechanical advantage of 5? 
or in answering such questions as: 

What grade of engine oil is best used in winter or summer? 

What is the relalhe effectiveness of different sarieties of weed killers? 

^VTiat is my blood type? 
or in anssvering such questions as: 
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Can chrysanthemums flower in the spring? 

Is fluoridation of water harmfuP 
Is heating by gas superior to heating by oil? 
or in answering such questions as: 

WTiat kind of person shall I marry? 

What policies shall we (allow with regard to the use of atomic energy? 
What shall sse do with respect to race relations? 

Is cancer curable? 


\\Tiat kinds of problems are chosen depends in part on the purposes of the 
school, its curriculum, and the training and philosophy of the teacher, among 
other considerations. But. in the main, we contend that the choice of an ex- 
perimental investigation for the science class, as compared with the choice 
of investigation for the soaal science class, depends on what we consider to be 
the essence of science, namely, « ihe conclusion drawn from the experiment 
ttilablef As we considered in Chapter I. the success of science has resulted 
determining how well our answers described the 
world. Objective observational and experimental evidence allows all scientists 
to test each others explanations. The more precise the predictions, the more 
precise IS their testing and the clearer our acceptance or rejection of the ex- 
vT*.! ''’or»-ing of the world are starting 

p ^ , but the end is clear: We require evidence which will test our hunches 
h^w 3 , hypothesis is essentially meaningless, for we cannot know 

how much to rely upon it and under what conditions it may be useful. 
P0S5lWeTn"!h inquiry such dear tesu are not often 
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some guinea pigs which he knows are likely to get the disease. What should 
he do?" 

The students svill generally say, “Let him inject one guinea pig with the 
bacteria, and not inject another, the coniroL" (Later, students may learn such 
refinements as the use of litter mates, i.e., genetically constant material.) So 
far so good; they “knotv’' the nature of the control. 

Nmv the teacher asks, "Cair you be sure that all other guinea pigs will 
react in the same way as this one does?" Students will generally suggest another 
pair of guinea pigs. In a little while, students realize the need for a sufficient 
number of experiments in order for an experimenter to come to dependable 
conclusions. ^Vhen we deal svith laboratory worL(pp. 13S-I-J3, 275-280, 486-487), 
see shall see that one of the advantages of laboratory work is that the entire 
class confirms its osvn experiments by designing them svith adequate controls 
and in adequate number. 

Howes er, visualize almost any classroom in this country, or in any other, 
if the accounts of obseners ivho travel internationally are correct; sve are likely 
to see something like this: 

Chlorophyll is removed from one geranium leaf. When the leaf is stained 
svith iodine, it turns black— a test for surch. Conclusion to be accepted by the 
students; all green plants make starch. 

But we have only one test of one leaf; sve do not knosv anything about all 
green leases. Only after testing many kinds of leaves-red oak, pine needles, 
clodea, algae, moss, and so on-might ss-e hazard a guess that "probably" all 
green leases make starch. A laboratory exists for such explorations. 

The position of a teacher ssho lelU students, "You can accept the gen- 
eralization on my say-so,” or "the textbook’s say-so," is asvkward indeed. This 
is a kind of authoritarianism, yet the scientist remains the enemy of all au- 
thoritarianism. 

If the reader thinks back to his experience in the high school classroom, 
he svill probably recall that demonstrations (they were called "experiments") 
were performed once. IVasn’t a conclusion generally reached from one demon- 
stration? Isn’t this commonly true o£ science teaching today? 

It is, unfortunately, a common occurrence. Yet most science teachers be- 
lieve and say that, in the establishment of scientific infonnation, the phe- 
nomenon should be observed many times under similar, and then under 
different, deliberately changed, conditions. As Brownell and Hendrickson* 
have said, “No child should be pennitted Irom a single laboratory observation 
to formulate a generalization. . . . Instead, both in deriving a generalization 
and in applying it. learners need to encounter other instances of its validity; 
and the more practical, concrete, and natural or everyday such encounters are. 
the better.’’ They also said: * “Children need to know not only what concepts 

’National Society for the Study of Edtuation, /orly-M'ntfc Yearbook, Vitt I, Learning and 
Instruction. U. of Chicago Press. Chicago. 1950. p. 12t. 

*lbi<t., pp. 115-Id. 
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Can chrysanthemums flower in the spnng? 

Is fluoridation of water harmful? 

Is heating by gas superior to heating by oil? 

or in answering such questions as‘ 

AVhai kind of person shall ! marry? 

What policies shall wc follwv svith regard to the use of atomic energy? 

What shall we do with respect to race relations? 

Is cancer curable? 

M'hat kinds of problems are chosen depends in part on the purposes of the 
school, its curriculum, and the training and philosophy of the teacher, among 
other considerations. But. in the mam. we contend that the choice of an «- 
penmental insestigation for the science class, as compared with the choice 
of investigation for the social science class, depends on what we consider to be 
the essence of science, namely, is the conclusion drawn from the experiment 
lestab!e> As we considered in Chapter I. the success of science has resulted 
from an insistence upon determining how well our answers described the 
world. Objective observational and experimental evidence allows all scientists 
to lest each other’s explanations. The more precise the predictions, the more 
precise is their testing and the clearer our acceptance or rejection of the ex- 
planations. Hunches and gtiesses about the working of the world are starting 
points, but the end is dear We require evidence which will test our hunches 
An "uniestable” hypothesis is essentially meaningless, tor we cannot know 
how much to rely upon it and under what conditions it may be useful. 

In many other areas of human inquiry such clear tests are not often 
possible. In the prediction of the outcome of an election we never can be sure 
what would have happened if the candidates had done something diflerently. 
No experiment is possible, because each situation arises only once. The con- 
cepts of political science and many other areas are necessarily vaguer than 
those of chemistry or biology because the tests of their appropriateness are 
vague. This is the case not because those studying these difficult social aJIairs 
do not wish for clearer evidence and tests, but because the nature of the 
subject and of society is such that clear tests have not yet been devised. In 
these areas the "sense-raaking process” is more difficult, for controlled experi- 
mentation is usually impossible. 

In science a critical question is then; Are Ike predictions teslsblef 


Teaching f/ie ideo of "numheri' of oxporimenlj 

The moment the teacher is convinced that students have an insight into 
the nature of the control, it is well to introduce the element of “numbers.” 
This is statistical reliability, to be sure, but on a very simple level and scale. 
For instance, a biology teacher may state a problem somewhat like this: “A 
scientist wants to find out whether certain bacteria cause a disease. He has 
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some guinea pigs which he knows are likely to get the disease. What should 
he do?” 

The students will generally say, “Let him inject one guinea pig with the 
bacteria, and not inject another, the control.” (Later, students may leam such 
refinements as the use of litter roates, i.e., genetically constant material.) So 
far so good; they “knoAv" the nature of the control. 

Now the teacher asks, "Can you be sure .that all other guinea pigs will 
react in the same svay as this one does?” Students will generally suggest another 
pair of guinea pigs. In a little while, students realize the need for a sufficient 
number of experiments in order for an experimenter to come to dependable 
conclusions. When we deal with laboratory svork (pp. 1 38-1-13, 276-280, 486-187), 
we shall see that owe ot the advatttages ot lahocatocy work. U that the eittite 
class confirms its owm experiments by designing them with adequate controls 
and in adequate number. 

However, visualize almost any classroom in this country, or in any other, 
if the accounts of observers who travel internationally are correct; we are likely 
to see something like this: 

Chlorophyll is removed from one geranium leaf. When the leaf is stained 
with iodine, it turns black— a test for starch. Conclusion to be accepted by the 
students: all green plants make starch. 

But we have only one test of one leaf: we do not know anything about all 
green leaves. Only after testing many kinds of leaves— red oak, pine needles, 
clodea, algae, moss, and so on— might we hazard a guess that "probably” all 
green leaves make starch. A laboratory exists for such explorations. 

The position of a teacher who tells students, “You can accept the gen- 
eralization on my say-so or "the textbook’s say-so," is awkward indeed. This 
is a kind of authoritarianism, yet the scientist remains the enemy of all au- 
thoritarianism. 

If the reader thinks back to his experience in the high school classroom, 
he will probably recall that demonstrations (they were called “experiments") 
were performed once. IVasn’t a conclusion generally reached from one demon- 
stration? Isn't this commonly true of «lence teaching today? 

It is, unfortunately, a common occurrence. Yet most science teachers be- 
lieve and say that, in the establishment ot scientific information, the phe- 
nomenon should be observed many times under similar, and then under 
different, deliberately changed, conditions. As Brownell and Hendrickson® 
have said, “No child should be permitted from a single laboratory observation 
to fotiaulate a gewevaUiatvou. . . • Instead, both in deriving a. g^tiecaUtatKwv 
and in applying it, learners need to encounter other instances of its validity; 
and the more practical, concrete, and natural or everyday such encounters are, 
the better." They also said; * "Cfiildren need to know not only what concepts 

> National Societ) for the Study pf fducalkin, /'orty-A'inr/i Yearbook, Part I, I.eamingand 
Irulrucliott. U. of Chicago Press, Chicago. IMO, p. 124. 
pp. 115-16. 
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(wha. the, include, to wha. Ac, reler) but abo what the, are not. The 

ume It takes to clear up misunderstandmgs IS amply repaid. 

If conclusions are continually elicited solely on the basis of one observa- 
tion, one trial, we cannot expect the pupils to see the need for or believe, that 
scientists actually conduct many cxperimenU. make many obsenat.ons and 
are cautious in coming to conclusions The difference between what 1 do 
and "what I say" does not su well when students must come to accept (be- 


lieve) a fair-shed conclusion every hour. _ r • 1 

Yet what is the teacher to do when he is always working vvithin a limiteU 
time? How can he immerse the class in one major activity of scicntists-that o 
designing an experiment, tlicn checking predictions by doing it? How can he 
nd his instruction of chalk talk and avoid the error of the single-shot activity 
leading to an all embracing conclusion^ 

A tentative solution— use your laboratory. The first tew classroom demon 
strations in the year can be made the occasion for developing the idea that 
each represents many similar ones that have been done before. At that time 
the point can be made that especially important problems will be studie 
more fully in the laboratory, with possible variations In the kind or in the 
amount of materials. This statement must, of course, be (ollowed up vvith 
the performance it promises. The teacher can stress that a demonstration, 
followed by individual laboratory work or not. is only an example of how 
scientists work. Time and materials permitting, the teacher should attempt to 
submit the most important problems to fuller laboratory experimentation. 

As students continue to design experiments throughout their high school 
experience in science, they begin to get a glimmer into the ways of the scien- 
tist. Tliey get a glimpse of the scientist at work, or out ’’method of intelh' 
gence." 


Time fo investigofe— fime lo efesrgn and do experiments 

Any science teacher who daily meets a class and yearly confronts an 
overcrowded syllabus will wonder when students may have the time to design 
and do the kind of experiment we have been talking about. There are sev- 
eral answers relating to practicable modifications of present courses of study 
to give more time to leisurely leaching— a prcret^uisiie and perquisite of effec- 
tive science teaching. The modifications will be dealt with in various sections 
in this book. Nevertheless, the teacher who is aware of the opportunities in 
class situations may grasp such opportunities as often as he wishes. The fol 
lowing is such an instance. 


The "problem" sifuafion; fhe opporfuniiy grosped 

Sometimes, and it can happen at least once during the year’s work, a 
problem situation occurs. Then a teacher who believes in teaching "science" 
as well as "history of science" grasps the opportunity. So do his youngsters, 
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Here is the story of such an occasion, described in an “open letter” recehed 
by one of the authors. 


The June. 1948. preliminary Science Regents contained the following ques- 
tion; 

"Explain how )ou could test the tnith of one of the following statements: 

a. Cut no^^e^s will not fade so rapidly if an aspirin tablet is dissolved in 
the water in which they are kept. 

b. Hot water fieeres sooner than cold water. 

c Water heau faster in a black kettle than it does in an aluminum kettle." 

As a toHov. up, the sividetiu in my 8ih grade classes set up experiments at 
home to test part b. 81% of the siudcnu reported that for complete freezing hot 
water froze first. Out of curiosity 1 continued the experiment with succeeding 
classes Each time I increased the controls and eliminated possible errors The 
results were always the same. From 83 to 93% of the pupils found that tlie hot 
water froze sooner. 

The experiment was perlormed in two wajs: 

1. Equal solumes of boiling (100* C) and cold (18* C) water were placed in 
separate ice trays, set side by side, and tested. The experiment was repeated with 
the positions of the hot and cold water trays reversed. 

2 Equal volumes of water were tested as above, 6nt cold, then hot. 

The evidence for the hot water freezing sooner is as follows- 

1. 903 students performed the experiment. Tliey were instructed in reading 
thetraeniscus of a liquid, in checking temperatures of both liquids and the interior 
of the freezing compartment, in controlling the checking procedures, in using 
different amounts of water, etc- 872 students found that the hot water froze ear- 
lier. 

2. With the aid of the home economics department, experiments under lab- 
oratory conditions were performed. Here are some of the typical results: 


ro/ume Temp, 
(m!) (•(■) 

50 72 

50 19 

100 70 

100 19 


tt eight 

(/rm) 
48"0 
49 45 
9635 
99.20 


09.15 

1001 

17-50 

21:04 


rreeUng ice weight Remetted 

temp.CC) (gm) volume (mt) 

47S 47 

0.3 49 1 49 

1.7 912 93 

02 97J 96 


3. I checked through scores of chemistry and physics texts. There was no 
mention of this panicular problem, although one book, A Brief Course in Physics 
by Earls (Prentice-Hall, 1949). stated that the freezing point of boiled water was 
higher than that of cold water which, of course, contained dissolved air. 

4. Hot water weighs less than cold water. There are less grams to freeze. 

5. Rapid evaporation, hence rapid cooling, proceeds quite vigorously above 
the hot water ice tray because it presents a large surface area and because the 
water is quite hot. This leads to two assumptions: 

a. In the early stages of cooling the hot water is aided in iu ••chase" of 
the •'handicapped'^ cold water by rapid evaporation. 

b. Some of the hot water is lost to the sides of the freezer compartment 
in the form of frost, thus further reducing the number of grams in the hot 
vvater tray. 

6. Tables in the Handbook of CAemufry and Physics, 1954.55, pa<»e 2079 
show diat tlie therm il cap.icity for air free water is not the same at each degree; 
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Temp (*C) 


Thermal rapartly 
(nl/gm/( •) 

0 1 007J3 

5 1 00358 

55 mm 

6t WORM 

160 iMC07 

It would appear Uiat the hoi water would be Rucii a "cooling boost" as it fell 
in temperature through the middle degrees 

In any eteni, the clast concluded that, under similar conditions, equal 
amounts of hot water freeae sooner than equal quantities of cold water. 

Kenneth Dunn, Science Department 

Carle Pbee High School, Carle Place. New Yoth 

(Perhaps the following comment may be relesant: Hot water will melt 
through the film of ice on the fteeiing tray and will mate better contact 
with the freermg unit. The cold water tray may be insulated by a la^er of ice 
which has a lower thermal conduciisiiy than does the material of the fceea- 
ing shelf.) 

Kenneth Dunn grasped the opportunity to teach ihe design of an experi 
mem. The class, as we understand it. wotVetl hard but the students alto had 

fun Science Is fun. as well as hard woik; it is also an important human actbii)- 


Obaerving <■ total scientific operation 


... “'“'I®'' opcrilion, an 6, oWal onl, vl.tre Ihcv sre In pw 

a S®*"? *11 *hc time in the laboratories of the nation. Il 

”don/'*'“'‘ “ >"''"'1“ »> “n'l.. r' l‘ 


Observing scienfisis "in the flesh" 

tb » ■«bn> nr tn vork to 

merit anri hv • v , ‘ “'««« teacher by oUerlng equip- 

scZl rd n^r ® 'I"!” ....dm. n.Ln.blir,. In one 

nar . ho.pi«l, pn'.X.T,!,'’ 71 "'” "'“X 

in several schools located in lar» cSmI! laboratories. Similarly, 

of scientists were held the students national or state contentions 

all these cases .hey reponeV^'r 

mates, science club members, the school m f®*’ 

Also, one of the scientists at such a tYw ‘ ’® magazines, 

may be willing to come to the school 
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One ol the most Iruitful ways for students to get direct information 
about the activities of scientists is to ask a fonncr student who is majoring in 
sdence at a university to return from time to time and report on the activities 
there. Former students in science returning to their pretious haunts have a 
healthy and stimulating effect on the student in school, for deteloping strong 
motivation is still a function of the school. 


Observing sctenf/sfs ‘'vicariously" 

.\s has been stated, it is not always possible to study the scientist and hts 
ways directly, hut it h usually possible to study his ways by studying his life 
through a biography, a film, or the “case study” approach. By these means 
u is possible to study the svay sdemisls get problems, fashion their grand 
and limited norking hjpotheses. design their experiments and develop their 
conceptual schemes, and evohe the questions they ask of nature. After all, 
the most important attribute of the scientist is not that he finds the right 
answers but that he finds the right questions. (A* we developed in Chapter 
!, this activity of finding the right questions occurs in the brain; and there is 
no present verifiable knowledge as lo how it occurs.) 

Through faiographies. Reading biographies of scientists is apparently very 
useful in getting at their way of approaching and solving problems. For 
instance, Hans Zinsser’s account of his life in As / Remember Him, Vallery- 
Radot's The Life of Louis Pasteur, or Eve Curie’s account of her mother’s 
life, Madame Curie, help the student glimpse the tragedies and triumphs of 
a scientist's life. They get a bit of the smell of the laboratory, they see imagi> 
nation and gather information, they get an inkling of the sdentist as scientist 
and as human being. 

Through motion pictures. It is now possible lo get several films useful in 
giving youngsters a miniature of the scientist. For instance, Louis Pasteur, 
The itfflgic Bullet (a vignette of Paul Ehrlich), or History of Chemistry will 
help youngsters to get some insight into the nature of scientific work. 

Lists of such films may be found in the companion volumes (see footnote 
on p. 33); some of these films are available on loan. 

By a study of their papers. One of the methods the scientist uses, highly 
typical of his approach, is publication of data. He Intends, unless he is bound 
by security regulations, to make his knowledge available to all. And he de- 
scribes his methods in such a way (in a ’’formal logic”) that they may be con- 
firmed by others. Hence his paper is part of the self-correcting method of 
the scientist. 

It is entirely possible (and it has been done) for a teacher to get a set 
of research papers by writing lo scientists asking lor reprints. However, he 
should make his requests reasonable, and remember that someone, often the 
scieniUt. had to pay for the reprints. (Perhaps he need request only one, and 
can mimeograph copies.) These reprints may be examin^ in rla«« and the 
organization discussed. For instance, general headings such as: (1) Introduc- 
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(2) Method. (3) Obtertotion. (4) Conolbs.on., and « 

A, a result ol a stud, ol such papers joungster, catch the e''™" 
accuracy, carefully detailed ssotlt, aud e«ei.U.l honesty ol -h' 
efforts. They catch, in short, something of the atiilude of the scien . ^ 

can see something of the t^ay the scientist uses guesswork, , 

and error, as svell as -'imaginaiion" to get at a solution to the 
will also see, if the reprints ate wisely chosen, that unsuccessful as we 
successful experiments are teportetl. ... 

Through the eose method. Students of law or business atlmmistration 
often study cases dealing with specific imporuni generalizations and analytical 
operations in these fields. Students of science can also profit from the use ot 
case studies in science. In fact, several large unisersities. including Chicago, 
Colgate, and Harsard, ha\e used cases for some of their general education 
courses m science. The intent is to base the student, through the study ol 
relathely simple factual material, follow closely from the original wriiinp 
the way in which the scientist tried to reshape his material and ideas to reach 
some major conclusion. Conant has called this “looking over the shoulder 
of the scientist at work.” The student should recognize through his own 
experience the difficulties and proccdutes of the scientist at work. 

Several high school science teachers hate also for many years used cases 
in their instruction. The materials chosen are less lengthy and complex ih**' 
those used in college, but the intent is the same.‘ A series of experimental 
cases for use in high schools is now being developed. The first titles are: The 
Sexuality of Plants, The Dneoi'ery of Itromtne, and How Far Awoy Is the Sun^ 
Each is chosen to illustrate clearly certain aspects of scientific creativity, A 
number of high school texts also include sample case histories. 

The Harvard Case Histories, available in pamphlet form,' are: 


1. J. B. Conant, Robert Boyle's Experiments in Pneumatics 

2, J. B. Conant, The OirTiArow of the Phlogiston Theory 

J. Duane Roller, The Early Development of the Concepts of Temperature 
and Heat 

4. L. K. Nash, The Atomic-Molecular Theory 

5. L. K. Nash, Plants and the /flmoipfiere 

6. J. B. Conant, Pasteur's Study of Fermentation 

7. J. B. Conant, Poifcur’* and Tyndall’s Study of Spontaneoiu Generation 

8. Duane Roller and D. H. D. Roller. The Development of the Concept 
of Electric Cfiarge 


\Vhile these cases are likely to be too complex for secondary school pupils, 
they are admirable for use in teacher training institutions.* 


« L. Klopter and F G. Watson, ‘‘Uniig HisK 
Teaching' The Saenee Teacher, 21, S6i, 1957. 
s Harvard U. Press. Cambridge, various public 

Irt fuo dollars. * 


■cat Materials 


in Jligh School Science 
prices vary from about 


« Other useful enamples ol cases ate available in I. B Cohen Science Servant of Man, 

W.^TNormn^N. °f Scienti^c /nvejiigelion, rev. 
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Each case study is built around significaiit sections from the original 
writings of the scientists imolved. There is an analysis of the historical back- 
ground behind each imestigation and a painstaking account and anal)sis 
of the imestigator’s purpose, his sray of recognizing the problem, his grand 
and limited working hypotheses, his experimental design, his techniques, his 
errors, and his difficulties. 

The essential way of dealing with the case study is to hate students read 
it before class, then "milk it dry” with a discussion of the ways of the specific 
scientist under scrutiny. At Forest Hills High School, for example, George 
Schssartz uses mimeographed excerpts of the actual papers of the scientists in- 
sohed in the development of the concept being discussed. For instance, in a 
discussion of spontaneous generation, his students are given a translation of a 
portion of Francesco Redi’s experiment (p. IT) and a part of Pasteur's as 
follows: 


pASTTf* PROX-ES TH,ST FTRMt-VTAnOS- AN® PUTOETACnOS 
ARE BHOUCHT ABOUT NOT BY THE AIR BUT 
BY PARTICLES SUSPENDED THEREIN * 

I belies e I haxe rigorously established in the preceding chapters that the 
organized produaioiu of infusion* that base presiously been heated has-e no 
other origin than the solid particle* which the air always curie* and constandy 
leu fall on all objects. 

If there can still remain in the mind of the reader esen the least doubt in 
this regard, it will be removed by the experiments of which 1 am about to speak. 

I place in a round glass Bask one of the following liquids, all of which are 
very easily altered by contact with ordinary air: watery extract of yeast, sweetened 
watery extraa of yeast, urine, beetroot juice, watery extract of pepper; then 1 
draw out, at the blowpipe, the ncck of the flask so a* to give it various curvatures 
as is indiated (accompanying figures]. 1 then bring the liquid to a boil lor sev- 
eral minutes until the steam i»ues freely from the open end of the drawn-out 
neck, using no other precaution. I then let the flask cool. It is a Temarkable fact, 
calculated to astonish anybody who is used to the delicacy of experiaienu rela- 
tive to so-calted spontaneous geocraiions. that the liquid in the flask remains in- 
definitely without alteration. One can handle the flask w-ilhout apprehension, 
move it floss one place to another, allow it to undergo all the ttiapcratuie 
changes of the seasons, and the liquid in it shovs-s not the slightest alteration and 
keeps its smell and uste. . . . Th«e will be no change in its nature other than, in 
ceruin cases, a direct oxidation, purely cbemical. of the matter. But we have 
seen by the analyses whkh 1 ha'e published in this memoir bow this action of 
oxygen is limited, and that in n® ca*c axe any organized productions developed 
in the liquids. 

It appears that the ordinary air, returning with force at the first moment, 
TSTccAxeacV vSve ftasH, qtnve •una'ivtwfl- TV-att v& %rw, Vwft Vl •eri t t y cn ri er s a'nquid fliat 
is still near its boiling poinu Th^ reentry of the air thereafter occurs more slowly, 
and by the time that the liquid i* so far cooled as no longer to be able to depriv e 
germs of their vitality, the re-entry of the air becomes so slow that it leaves behind, 
in the damp curves ol the neck, *11 the dust partides capable ol acting on the 


I F. Sherwood Tavlor, A Short HtitdTf of Samce and Sefentj^c Thought, VV' VV Norton 
N. 19t9. pp. 206-07. 
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Inlurfor.. and bringing nbon. ihn prndnoioi. nl otganim. '‘'I'”'- 
Other possible explanation of these curious experiments. If, after one ) 

months- suy m the incubator, the neck of die ai.k be detached by a ’ 

file. wiihoQt touching the flask in any other way . . . after twenty four, d'lriy _ 
or forty eight hours, molds and infusona begin to show ihemselM 

in the ordinary way or just " ■' 

the flask. 


absoliiicly 

had sown dust particles from the air in 


In class, a discussion brings out the essential purpose, metht^. and out 
come of the experiments, as v.-ell as the way of the scientist-all this, of course, 
in addition to background reading in the text. ^ . 

For instance, note how the spirit of Jan Ingen Housz’t investigations is 
disclosed even on a brief reading of the excerpts which follow; 


ExrrsiMENTS oton vecetables ciscos erinc 
THEIR GREAT POWER OF PURtrYINC THE COMMON AIR 
tv THE SUNSHINE, ANO OF INJURING tl IN THE SHADE AND AT NICKT 
I vras not long engaged in enquiry before I saw a most important scene openrf 
to my view I obsened that plants not only have a faculty to correct bad air in 
SIX or ten dayt by growing in it. as the experiments of Dr. Priestley indicate, but 
that they perform this injporunt office in a complete manner in a few hours: that 
this wonderful operation is by sto means owing to the vegetation of the plant, but 
to the influence of the light of the sun upon the plant . . . ; that this operation 
is far from being carried on constantly, but begins only after the sun has for some 
time made his appearance above the horieon, and has. by his influence, prepared 
the plants to begin anew their beneficial operation upon the air, and thus upon 
the animal operation, which was stopt during the darkness of night; that tins 
operation of the plants is more or lest brisk tn proportion to the clearness of die 
day. and the exposition of the plants more or less adapted to receive the direct 
influence of that great luminary, shat plants shaded by high buildings, or growing 
under a dark shade of other plants, do not perfons this office, but, on the con 
traiy. throw out an air hurtful to animals, and even contaminate the ait which 
surrounds them, that this operation of plants diminisliei toward the close of ih* 
day and ceases entirely at sunset, except in a few plants, which continue this duty 
somewhat longer than others; thai shis office is not performed by the whole plant, 
but only by the leaves and the green sulks that support them; . . . 

This work is a part of the result of above 500 experiments, all of which were 
made in lew than three months, having begun them in June and finished them in 
the beginning of September, woiUng from morning till night 

ExEEHIMENTT showing that FLANTS RVVE a REMARRABUt 
POWER TO IXHUteCT BAD AIR IN THE DAY 

56 A sprig of peppermint put in a jar full of air fouled by breathing (so as to 
extinguish a candle), and exposed to the sun. had corrected this air in three hours 
so far that a candle could bum in it 

57. A sprig of nettle was put in a jar full of air fouled by breathing so as to 
extinguish a candle; it was placed in a room during the whole night; next morning 
the all was found as bad as before The jar was put at 9 in the morning in the 
sunshine: m the space of two hours the air was so much corrected that it was found 
to be nearly as good as common air. 


•Jan Jngen Housr 


london. 1779. 
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Experiments showing that the sun, by mEU 
WITHOUT THE ASSISTANCE OF PLANTS, 

DOES NOT IMPROVE AIR BUT RENDERS IT RATHER WORSE 

12. Two jars, half full of air taken from the atmosphere at the same lime, 
and half full of pump water, were left by themselves during four hours; the one 
was exposed to a bright sunshine, the other placed within the house, only two 
1 .steps from a door opening in the garden, "nic air kept in the house gave, in six 
different trials, constantly the appearance of being better than that of the jar 
placed in the sun One measure of the air kept within doors with one of nitrous 
air occupied 1.06H. whereas that exposed to the sun occupied 1.02ii. I must, how- 
ever, acknowledge that this experiment ought to be repeated more than once, to 
put the fact out of any doubt. I made it the very last day of my stay in the 
country, and thus had no time to repeat it. 

Experience with a number of teachers has indicated that the case study 
method is exceedingly useful especially when library facilities are available. 
Further discussion of methods of leaching science in later chapters will offer 
further approaches which make use of the case method. 

Through scientists' evaluations of their own methods. Scientisu are not 
illiterate. In fact, many limes they make statements which describe how they 
think, feel, appraise, or evaluate their own methods of work. Sometimes 
these evaluations are brief but comprehensive statements. An examination 
of even a few brief quotations will indicate that valuable discussions may 
result from their analyses. 

What is saENCE? 

ITS SOURCES, AISfS, AND PROCEDURES * 

This is the ffnt fact about science: it is a human activity. As such it is subject 
to all the frailties of human endeavor, lu history is a history of errors, slowly 
corrected; a history of effort, a search for a wider knowledge of facts and deeper, 
more embracing schemes for understanding and explaining them. Science is not 
a cold, infallible, impenonal machine: it is not just a collection of formulas and 
technical terns about abstruse questions remotely related to everyday life and 
thought Science is ultimately refined common sense. It is the organiaed knowledge 
developed and possessed by men and women of the world they live in. 

As a human endeavor, science is dependent on human motivation. The 
motivations for scientific endeavor are not hard to find. First, there is the ever- 
present need for knowledge that helps man master the environment he lives in, 
making it subservient to his needs. Our knowledge of astronomy began its growth 
impelled by the need of a calendar for the seasoiKonscious Babylonian faimet. 
In our own day, the growth of knowledge of nuclear physics has been impelled in 
part by unhappier but no less practical considerations. 

Secondly, and in the long run more important, there is the almost universal 
vcnvtWA'j w, TtiWi 'svAa vifir/iitviiint vn VartfwVeige xA iVn: wortS lor its own 

saV^knowledge not only ol the lacu themselves but of how they are related and 
hou things are caused; in short, knowledge of how the world of fact can be ex- 
plained and so understood. The simple and naive questions of the small child 
when they recur in mature minds arc the life’s blood of science. "Who dug it?” 
as a question on first seeing the Cnnd Canyon, is naive only in phraseology; in 

» G. C. Simpson. C. S. ritlendrigh. and L. H. TiBany, ti/e: An Introduction to Biolop/ 
Harcoutt, Brace, N. Y., 1957, pp. 18-19. 
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the older man 
of running val 


this child-nufsuon leads to our understanding 
ter Cats may be killed by curiosity, but Kience 


of the cutting poMcr 
dies for the lack of it. 


' a view of mathematics. “ 

„„ .ho. The m. .p.m o! W.sta ■ht mtauon. tht TIJ 

than Man. vihich is the touchstone of the hig^t wccllence, is to 
mathematics as surely as m poetry \Vhat is best in 

mereh to be learnt as a task, but to be assimilated as a part of daily = 

and brought again and again before the mind ssith ever renewed 

mem Real life is, lo most men, a long second best, a perpetual comprom 

betiieen the ideal and the possible, but the world of pure reason kno"’ "" 

compromise, no pracinal limitations, no barrier lo the creative activity 

ing m splendid edifices the passionate aspiration after the perfect from which 

all great work springs 


Or even a very brief remark, such as the following; '» 

The white man drew a small circle in the sand and told the red man, "This 
It what the Indian koowv" and drawing a big circle around the small one. 
"This is what the white man knows” The Indian took the stick and swept an 
immense ting around both circles "This is wihere the white man and the red 
man know nothing” 


The sfudenf as "seienflsf" 

High school students are not scientists, but they are scientists in the mak- 
ing. Some of them will be scientists, all of them as youngsters or adults will 
use some of the ways of the scientist. 

If the ways of the scientist are taught pervasively during the year, the 
student will have the opportunity to do the various things which tharacleriie 
the scientist Me will be given the opportunity to: 

1. Use Ins imagination to develop ideas (even wild ones; wild ideas 
eventually succumb to the quiet of thought). 

2 . Design expenmenu, and in so doing learn to 

a. specify his problems, 

b. clarify his hypotheses. 

c. rectify his observations, 

d verify Ins conclusions. 

3. Give reports to his classmates (a seminar situation). 

4. Do "research” in the library and the laboratory. 

5. WTite a paper. 

6 Report before his peers (in the science class or in a Science Congress). 

7. Exhibit before hu peers (in a Science Fair). 

loBenrand Russell, Myjfwiim anil Logic, Barnes k Noble. N Y. 1954. p. 14. 

11 Carl Sandburg, The People, Ta, Haicourt. Brace. N. Y, 1956. 
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The teaching method and techniques by which these are to be accom- 
plished belong properly in Section III of this book. A course in advanced 
science wherein students do "research” projects will be described in Chapter 
3 and in more detail in Chapter 9. 

Here it is sufficient to indicate that a good method, possibly the best, 
of helping the student to understand the way of the scientist is to have him 
live the life of the scientist, as best he can. 


Scientists and science teachers as human beings 


As has been said, scientists have been successful. Although this success 
has been tinged with remorse for some of the social uses to which scientific 
discoveries have been put, still it is envied. So we find, for instance, advertising 
becoming "scientific"; toothpastes, lipsticks, cigarettes must somehosv be asso- 
ciated with SCIENCE. 

The result of all this has been to forget that the scientist is a human 
being as well, happy and troubled, with the goals and aspirations of all hu- 
man beings. Indeed Kubie** has emphasued the price a scientist might pay 
(or his choice of a life of research: 

Scientific research is conducted largely behind closed doors, and the accuracy 
of any man's observations and the veracity of his reports depend ultimately upon 
his honesty. This honesty depends m turn upon maturity, upon some degree of 
security, and upon a sense of identification and fellowship with competitors. 
Under present conditions, it is a tribute to scientists that violations of their 
code of honor are so rare that when lapses occur they become historic scandals. 
This issue is especially delicate in such fields of science as psychology, psychiatry, 
and psychoanalysis, in which it is difficult to repeat another man's observations 
for purposes of objective clinical or experimental or statistical confirmation. 

. . . Certainly the idyllic picture of the innocent, childlike scientist who 
lives a life of simple, secure, ^aceful, dignified contemplation has become an 
unreal fantasy. Instead, the emotional stresses ot his career have increased lo a 
point where only men of exceptional emotional maturity and stability can stand 
up to them for long, and remain clear-headed and generous-hearted under such 
psychologically unhygienic conditions. Thoughtful educators are beginning to 
realize that the socio-economic basis of the life of the scientist must be entirely 
overhauled; that the psychological selling of bis life needs drastic revision, and 
that, at the same time, the emotional preparation for a life of research is at 
least as important as is the inulleciual training. 

In any event, for the teaclier this means that he must assume the respon- 
sibility for guidance so that youngsters might know the kind of life the 
scientist leads. Biographies sometimes hide the daily routine, the tedioiisness 
of investigation; they emphasize results rather than the thousands of disap- 
pointing failures and frustrations. Invite an investigator to talk candidly to 
students— lo those who want to be scientists, and to those who do not. The 


IS L. S. Kubie, "Some Unsolved Probtenis of the Sdencific Career " Ai 
12. 112. 1951. 


Scientist, 


S3 
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to invesii 


latter need to understand the kind of man who gives his life over 
gation. 

As we noted earlier, perhaps students who are now in graduate school 
and who have returned for a visit will speak to classes in science. In this 
way, a line of communicauon can be maintained between youngsters prepar- 
ing to go into science, those who will need to understand the nature of science 
and scientists in a "scientific” age, and those who are already in the thick of 


investigation. 

A word about transfer of iraimng. There is little evidence that the need 
and the act of becoming a scientist per se makes a youngster a better person, 
Indeed, it seems that youngsters m high school who intend to become scientists 
have already achieved a type of "behavior pattern" which predisposes them 
to the intellectual wave lengths of life.** It appears, too, that youngsten who 
enter upon an intellectual life must develop bread-and-butter behaviors and 
attitudes which are part of the pattern of life they have assumed; hence, they 
are hound eventually to differ from those who have, let us say, assumed the 
pattern necessary to success in business.** 

Nevertheless, it is conceivably sound to say that the science teacher plays 
a part in helping the youngster identify himself with a pattern of behavior 
which has been identified with the scientist. 

The teacher, being tn loco parentu, can at least approach the pattern of 
living he seeks to establish m the lives of youngsters. There are indeed atii 
tudes which are helpful for scientists to assume, if only to help them get at 
their investigations with a minimum of emotional friction. These attitudes 
have been generally grouped together as “scientific attitudes." Actually they 
are characteristic of the judicial temperament. They are part of the method 
of intelligence we have been talking about. Surely It is intelligent to suspend 
judgment, to be open minded, to be honest and patient when one attempts 
to solve any problems. 


It 1$ specious, then, to allot these auribuies to the scientist alone When 
even casual thought will show them to be necessary to wise, gracious, and 
bahn„d N=.,„hel... . „ho i, „„ „p,„ who is 

b.gocrf and p„,od.c,<l, who i, j„dldo„s. .„d p.iiont ir. hi. 

dealing w,th h„ siudono and Use probfcm, i„ class, cannot with propriety 
teach these attitude, or help make them act™ attributes. To make a mistake 
IS human, but tn admit tt is alsn human, and snme would say it is the better 
part o£ makmg the mistake. The fact is that acienti.ts do make mistakes, as 
seientiso and a. human beings. A. hnmm, bein,,, .heh method ot in.elligenee 
IS fast becoming a goal and aspiration of right action. As scientist, their tils- 


■..roups. Mience t.aucalion, 10, 1966, p 3. w.— w..., w..... - 

112. Jan low, pp 25 M. Sciemini DiReienr?", Seicrjlipc American. 
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takes are corrected, for their method of intelligence serves them in an undei- 
taking where the free, even joyful, experience in search of meaning is the 
central goal, and where the atmosphere of self-correction prevails. They 
breathe, in short, the climate of science. 

This atmosphere, this climate, is also that of the science classroom. Where 
the method of intelligence prevails, science is “caught" as well as "taught." 
The science teacher clearly has prime responsibility for what goes on in his 
classroom; hence he has responsibility for the climate in which he teaches. 


A short excursion 

into appraising activities appropriate to deve/oping 
a climate of science 

Four laboratory exercises and experiments are offered below for your 
evaluation. 

(a) MEASURING BUOYANCY 

1. Set up the apparatus as shown on (he blackboard. Use any weight such 
as a rock or a metal object that fits into a can. Measure the weight of the object. 
Its weight IS . ... grams. Fill the can with water until it pours over the spout. 
Pour out the excess that flows into the overflow can. Lower the object into the 
water as shown in B and note its apparent weight. The apparent weight in water 

IS The object seems to have lost . _ of weight. The buoyancy of the 

water on the rock is . . . What seems to be (he connection between buoyancy 
and loss of weight? 

2. Weigh the water displaced by the object as follows The weight of the catch 

bucket with the overflow water displaced by the object is . . The weight of 
the catch bucket when empty is . _. How does this weight of overflow (dis- 

placed) water compare with the buoyancy on the object? . 

3. Repeat the experiment for another object. The weight of the new object 

is The apparent weight in water is . The loss of weight (buoyancy) 

is . .. The weight of the catch bucket with displaced water is .... The 
weight of the catch bucket alone is _ . . Therefore the weight of the water 
displaced by the object is . How do the buoyancy and weight of displaced 
water compare? ... 

4. Repeat the above experiment, using (he same object as in the previous 
experiment but with some other liquid such as salt solution or alcohol. The weight 

of the object is . . The apparent weight of the object in the liquid is 

The buoyancy (loss of weight) is The weight of catch bucket and dis- 
placed liquid is . . The catch bucket alone weighs . Therefore, the 

displaced liquid weighs . How does llie weight of the displaced liquid 

compare with the buoyancy of the liquid on the object? 

Arriving at your conciunom. btate a hypodiesis connecting the buoyancy ol 
a liquid on an abject immersed in it and Use weight of liquid displaced by the 
object 

(b) WHAT IS A CONTROL EXPERIMENT? 

Is moisture needed for mold to grow on bread? Set up an experiment with a 
rorilroi to answer the question above. 

Here are some suggestions. My procedure; (1) Expose a slice of bread to the 
air until the bread is dry. (2) Break the bread into two pieces. (3) Moisten one 
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piece, leaxe one piece dry (4) 

^(v obserxauons of the results' 

My conclusions 

(c) \»HST CONDITIONS A*t FAVOBABIE 

The plan for my experiment 


What happened- 
Conclusion, • . 




rOR TIIE SPOIUCC OF MILK? 


* Did classmates with experimental plans like yours get the same results? 
It IS good procedure to check results with the conclusions of others. Scieniisu 
do not accept conclusions which come from doing an experiment just once 

(d) The experience desaibed on p. 44 under the heading. The Opportunity 
Grasped 

2-1. Which of these is most appropriate to the climate of science you would 
hie lor your schooP Or perhaps yon would prefer a balance? What balanced 
coinbinaiion ot these tour science acthities would serve your needs’ 

2-2. Perhaps you will want to ask yourself the same questions about the 
activities in Chapter 7. Winning rankipaiion; Chapter 8, The Science Shyi 
and Chapter 9. The Science Prone. 
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Section Two 


PATTERNS 

IN TEACHING SCIENCE 


Surdy the climate which exists in a science classrocm depends on the 
science teacher. However, it does not depend on him aJotie. No teacher is an 
island, he works in a school and is sub/ect himself to that particular and special 
environment with a climate all its own— the school. The school may have a 
pattern which is clearly traditional, college preparatory, the student behaves- 
or-else-and-no-monkey-business; or it may have one which is permeated with 
the permissive, nonthreatening chtnate which permits considerable varia- 
tion in personal teaching pattern, or it may be anywhere between these extremes. 

Let’s face it. Not all teaching assignments, not all teaching tasks have noble 
or uplifting purposes. Not all teaching posts have liberalizing influences. Many 
factors determine what kind of pattern can be successful in a certain school, 
and what kind of pattern can be developed. 

For instance, "who” is in the class— scietKe shy or science prone, rural or 
urban, male or female, academically oriented or "just waiting to become sixteen” 
—must strongly influence what sub/ect matter and what method is chosen to 
stimulate learning. A young teacher may be strongly influenced in his pattern 
by his early choice of a school, its intent, and the goals of the students enrolled. 

In this section, various patterns of teaching will be dealt with. We have 
observed them all, and our prejudices, our leanings will clearly show if only 
because we are human, and not all-ivise or all-seeing. Even if we were all-wise 
and all-seeing we should still present these various patterns, because teaching 
is a personal invention and the teacher develops his own, very personal pattern. 

We might have begun with objectives or with the psychological base of 
concept formation. But we prefer first to examine existing patterns in classes 
and patterns of teachers; then the reader can more realistically appraise his 
own methods and purposes, determine his objectives, and make his plans for 
the development of students. Then sve continue to the science lesson per se 
as given to heterogeneous groups, the science shy, and the science prone. 

Chapter 3 science cusses Chapter 7 winning participation 

Chapter 4 science TE.\aiERS Chapter 8 the science shy 

Chapter 5 behavioral objectives Chapter 9 the science prone 

Chapter 6 winning the concept 

Then, having discussed the various patterns of science teaching in this 
section, we go on to apply them to specific courses in the next section. Such 
an approach gives us a better basis for appraising courses and ciirriculums. 



CHAPTER 3 


Patterns in teaching science: 

Science classes 


A note at the beginning: %Vhen a science teacher is asVcd. "What do )0U 
leach?", the answer is sometimes "science," sometimes 
■‘chemistry." Usually the answer involves some area of sub- 
ject matter Rarely is the answer "children,” anti properly 
so, for this answer by itself is meaningless. 

Yet we do teach children. IVe teach them in a class, 
and we also leach them singly. But we always teach ih^ 
sometAmg, even if it is only our personal attitudes' towatdt 
liEe, 

Generally as science teachers we leach science tO' a 
class, not to individuals. Yet we know that the learning 
which is to result from our teaching must occur individu- 
ally in each separate child. We are then faced with uach- 
ing a class so that each pupil learns individually. This h a 
siiable problem. For essentially science teachers irr ih* 
United States leach science to groups of children, called 
"classes." But before we begin to consider teaching d'^ 
class "science," wc should examine the meaning of that 
special group, the “class." And in this case, specifically the 
science class. 

We place an examination of existing class grouping? 
even before an examination of the objectives of science 
teaching Wc want to discuss objectives in the light of the 
patterns of "science classes" and "science teachers." 'Ve 
ask then that the reader humor us. and himself, to the 
extent of reading Chapters S and 4 before going on to 
objectives (Chapter 5) and concept formation (Chapter 6). 
Then we can look, at objectives in the hard light of the 
situation which exists. We will, in short, examine real 
classes and real teachers before we examine ideal, classes 
and ideal teachen. 
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The class 


Science classes in high school may vary from enrollments of one to sev- 
eral hundred. Commonly a class consists of a group of students meeting at a 
certain time in a certain place to study a certain subject. While there is much 
talk about the “aserage class size,” this is practically a mythical statistic be- 
cause the teacher rarely meets an aserage-sized class- He meets any^vhere from 
1 to 80 children, but usually from 20 to 30. Brown * reports that in 1956 the 
aserage class size in biology was 28; in chemistry, 23; and in physics, 20. In 
smaller tosvns and cities class sizes generally are from 15 to 25, svhile in large 
cities they are commonly from 20 to 40. 

A class once organized becomes a "capthc audience,” for the students 
remain svith the same teacher throughout a term or a year. The teacher is 
a “captive” too. He and this particular group of children have come together 
because they "elected” this subject and had programs svith this period open. 
And here they are. 

Inasmuch as a teacher does teach a class, and most teachers have Rse 
classes daily, what becomes of the individualization of instruction svhich is 
considered so important? Is it abandoned? Hardly. Such individualization is 
to be sought both svithin the class sessions and after class. Much of what 
follows in this volume deals with the individualization of learning and of the 
instruction which induces learning. A teacher is much like the public health 
officer who is concerned with the health of the community, but knows that 
the "health of the community” is only a symbol for the total health of the 
separate indhiduals. 

Here let us consider a class as one group of students among many possible 
groups. The pupils may be heterogeneously grouped or somewhat homogene- 
ously grouped on some basis. As we consider the different types of classes 
possible, we shall see hosv a science program, a pattern of classes and instruc- 
tion, may be fashioned in a modern school for a modem society. 


The organization and personality of classes 

A "typical" class. Actually there is no such thing as a "typical” class. 
Groups of children vary with the community, with the school, svith the sub- 
ject, or with the variety of subjects offered by the school. Nevertheless, when 
teachers speak of a “typical” class, they mean a heterogeneous group of stu- 
dents varying in intelligence, in sex. in goals, in achievement, and in behavior, 
but still similar in many ways. Usually they are within a few years of each 
other in age; generally they come from homes within much the same socio- 
economic range; they live in the same community: and, of course, they are 

vRenneih E. Broun, OSmngs and Entollmenis in Stiencr and Malhematics in Public 
High Schools, 19^6, Office of Education Pamphlet 120. U. S. Govermuenl Printing Office, 
Waihington. D. C.. 1937. 
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to 95% 


TABIE 


A typieol class 





Here they are, and the teacher is expected to Interest continually each 
and every student in the class. He is expected to establish and maintain rap- 
port. Certainly he is expected to hate few discipline problems and to deal 
ivisel) Avith those that do occur. 

How can these things be done? Many possibilities svill be described in 
the following chapters where sve shall deselop the nature of experience in 
science, ^\'e shall see that a “heterogeneous" group is actually homogeneous in 
many significant aspects. Also, sve shall discover that a "homogeneous” group 
IS itseU marVedly heterogeneous. Bui before we comlder the commitment of 
the teacher to the class and to the individuals W'ithin it, Jet us examine other 
classes knowTj as “homogeneous groups." ' 

Suppose that by administrative decision we organized groups that were 
more homogeneous so that they might be encompassed more easily within a 
teacher's skillful plan and purpose. Suppose we were to organize science 
classes on the basis of: 

Scholastic adiievement and promise 
Ultimate vocational interests 
General, or even momentary, interests 


Perhaps we would end up with groups like the following. 

A (less of seien<e>shy students- Let us fonts our attention on five students 
selected from the class described in Table $-1. 


Student 

sr 

22M 

2ir 

:f 

12F 


Age 

It 

14 

15 

15 

16 


Reeding Anthmelie 


Sehelaslie 

e\rrage 


Further work showctl that the first three students were science shy and 
the last two, science prone (sec Chapter 8. The Sdcncc Sh), and Chapter 9, 
Tlie Science Prone). The first three were science shv for three different reasons. 
(Tltcrc are. of course, man) other reasons; this is a very small sample.) The 
first (9F) was science shy. in spite of high l.Q. and good reading and arithmetic 
stores, l>ecause she was committed elsewhere— to music. Her grades in science 
varied from 60 to 70; she disliked science and did very little work in it (both 
tame and rcstdt of her dislike); she spem movl of her time practicing the 
piano. Her highest grades v^erc mainly in art. liomcmaking, and English: 
she eschcwctl mathematics. 

I1ic second did not do well in science, although he liked it. for he was 
a slow learner. He was science sh) for another reason: understanding science 
well requires a good ntenlal ccjuipment. He tried liard. however, worked to 
capacity, and jassed the course, (See Cliapter I9, Appraising the Student: A 
General Approach to Evaluation.) 



The iliiril suident did noi do well in Kicnrc for )et another reawn; in 
fact, she dropped science after the ninth grade. Jfers were religious scruples; 
her parents svere almost fanatic in their fondanientalitm. Her high whool 
career vas marked ssith difficulties whereser dhntssions in class (histor). 
English, science) brought up diffcteiKCs m interpretation. 

The next tsso students were Kicnrc prone. "“F” liecame sery much inter- 
ested in science, began fo do project «nrL. anil etitcrcsf a class in acfvanceci 
science (mainly indisidual work) CurtoiisU riintigli, retesting sliossetl her 
reading score to be 16 plus and her inaiheiiMitcs score, J2 plus. 

And our fifth student, when she overraine her dilTiculiies in understand 
ing English (she spoke Gentian) raisctf her reading and arithmetic Korcs to 
15 and 12 plus, respcciisely, and her IQ score to 127. She went on to tale 
further science, improsing her English progrestiscly; she liked mathematics 
and made it her life ssork She is now uotking witli digital computers. 

Our students ate science shy for dillcreiu reasons. Ilui we cannot ignore 
the fact that most arc sacncc shy fiecaiise they do not base the mental equip 


If we take the tossni sis or sesen students from the "typicar’ class de- 
sailed m Table 3-1 and add to Oicm some 15 to 18 others with similar clwr- 
actermica, we have a class (Table 32) of “slow learnen.” These arc Kiente 
J y, t en, through reasons of mental equipment; they prewnt certain prob- 
lems in teaching (see Chapter 8. The Science Shy). The group it somewhat 
homogeneous, for all the pupils are low athievets in aodemic studies. Wilh 
«medial woik in reading and arithmetic it 
empliasited. the group ir not college bound 

b<L»n ""'l »mst. Althousl. Ihm !i «ti>lion 

'■ i- tarJIr .urpri,lns lo M 

with a class such *" teachers, confronted 

liiir in ,h. ’ n, . ' "" '"n 'lii’ 

*lib,r.,.l, Jpernicd !Z '"7 <“ pibgr.m), 

-mrfi.l in,„n„i„n. fSblnnc i. 
than science could be u$«l to more enticing subject matter 

mile .he 1„,1 JeSe °,Zri-V " “ 
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TABtf 3-2 A class of fhe "sefenee »fi/" * 



/.ft- 

ileailing 

Aritfunclic 

IM 

8t 

7.7 

48 

2M 

92 

6S 

58 

3F 

85 

7J 

7.7 

*T 

83 

75 

94 

5F 

85 

7.0 

9.4 

6M 

85 

69 

6.4 

7M 

72 

65 

4.4 

8F 

91 

7.4 

7.7 

9Xt 

83 

6.8 

7.7 

I OF 

79 

45 


IIF 

87 

8.7 

6.4 

12M 

87 

73 

45 

ISM 

lot 

6.7 

95 

14M 

83 

S5 

68 

15F 

81 

65 

52 

16M 

83 

75 

9.1 

17F 

74 

75 

50 

IBF 

86 

7.1 

66 

t9M 

80 

55 

7.7 

20M 

82 

64 

7.7 

21M 

89 

65 

6,7 

22F 

87 

75 

7.9 

23M 

85 

75 

6.0 

S4F 

82 

61 

83 

25F 

75 

6.1 

64 

26F 

89 

7.4 


27F 

91 

94 

56 

28F 

87 

75 

73 

29Nf 

89 

59 

58 

30F 

85 

68 

9.1 

31F 

75 

52 

62 

* Average age. 15.5 years; scholastic average, generallr 65 and belotv. 


shy students, the gains in the basic skills and in self-respect were considerable. 
For this group of students, was the loss greater than the gain? 

The "special interest" class. Sometimes classes are organized not on the 
basis of ability or achievement, but on the basis of special interest. For in- 
stance, a class in photography, or radio, or auto mechanics may be organized. 
Since these classes have a content clearly expr«sed in the title, sve would 
expect those who elect them to be an active, interested audience, and to have 
had some previous study in science. Such special interest classes are fairly 
common throughout the country. 

The advanced science class. The "advanced science" group is one kind of 
special interest class. There, the common clement is a desire to make science 
a vocation. Experience at Forest Hills High Scliool, New York (now enroll- 
ing 4,500 students), shows that the problems of teaching such a group are dif- 
ferent from those in standard courses. Consider Table S-3, which describes in 





frnce d““'' ■“h “ 
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entiv from They musi be laughi diSef 

^ average or the vocationally uncommitted students (see Chapter 


» Similar advanced cc 
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9). In ihe advanced science class the students work on small research problems. 
’l\'hat they can do is exemplified by a report summary svhich follosvs.* In such 
a class svhere the students try to behase like scientists, attitudes are markedly 
different, purposes are clear, and energies are well organized. Similar descrip- 
tions hare been reported from and observed in otJter schools which provide 
opportunities for the most promising students to explore tlirough their own 
“sciendng.” 

An ULTRAVlOtXr enOTOSENSmZATlON IV 
FARA AMINOBENZOIC ACnO AND PANTOTHENIC ACID 

Tto TO Tnbolium confiuum 

I had read that i\hen mice vtere fed buckwheat and were placed in a strong 
light they died, vhile mice lacking either the light, the buckwheat, or both, 
thrived. Lacking mice. I tried to duplicate the results on insects. I worked viih the 
confused flour beetle, Tnboltum confiuum. 

The effect in mice can be duplicated on the flour beetle. 1 am reasonably cer- 
tain that: 

1. The uluaviolet rays of the light, acting with an agent (or agents) in the 
buckwheat, seem to cause the reaction known as a photosensitUation. 

2. ^Vhen pantothenic or para-aminobenroic acids (in a concentration of 5 
per cent and higher) are added to the diet of the flour beetle, the photosensitizing 
effect does not occur. 

It may be that the photosensitizing reaaions are caused by the conversion 
of either (or both) pantothenic aad or p-AB, both ol which are needed by the 
cells to ayiuhesize anu metabolitic struaural analogues. The cells seize upon 
these structural analogues but cannot utilize them; the cells thus suffer from a 
deficiency of these vitamins. Death may be the result. 

Report. 1,500 words, diagnffls 

Michael Fried, Senior 
Forest Hills High School 

"Special classes" after school. Strangely enough, when radio, photog- 
raphy, or electronics is taught during school hours it is called a class and 
credit is given. But when the group meets after school, it is called a c/i<f> and 
no credit is given; only pleasure is expected. Throughout the country there 
are many such voluntary groups meeting as "special interest" units or clubs. 
Actually they are classes meeting after school houn. Many suggestions for 
organizing such groups and sources of activities and materials for them are 
listed in the Sponsor’s Handbook, Snence Clubs of America.* Such clubs, to 
list but a few samples, may be known as: Tropical Fish Club, Engineering 
Club, Research, Photograph), Electronics, Radio, Audio-Visual, Chemists, 
Biologists, and so forth. Such a club is actually a class homogenized not by 
I.Q., achievement scores, age, or grade, but by common interest. And there 
may be only one student in such a "class." 

> For other examples of research problems and reports see the accompaming volumes' 
Morholt. Brandwein. and Joseph. A Sourrrbook for Iht Biological Seienersi and Joseph 
Branducin. and Mor)iolt. A Sourcebook for the Phyfical Sciences. 

* Saence Service. 1719 N. Si., N.VV., Washington 6, D. C. 
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The class within its pattern 

AV’hen )ou consider alJ the types of classes— typical, slow, special interest, 
extracurricular — you can sec the rich possibilities in the science program. 
Indeed the term "class" considered apart from its members and its place in 
the school program has little meaning. 

How a sanety o£ classes and clubs have been fitted together to fona a 
single pattern of science instruction for varied students in one large hish 
school is indicated in Table 3-4. This pattern evolved slowly over a period of 
ten yean under a sympathetic administration which was not afraid to let 
thoughtful, responsible teachers test out possibilities that seemed promising- 
This program now fits the varied needs and interests of the children in a 
large heterogeneous school population 

As the pattern of courses in the four track curnatium shown is examined, 
u will be seen that it is not useful to think of a class, or of a course of study, 
or of a student in a course of study, unless the course and the student are 
only schools with enrollments of 2.500 
to , 0 students could offer such a wide pattern of courses; after we examine 
the significance of each of the tracks shown here, we can consider what varieties 
of patterning are practical in smaller schools. 

Traek 2-the normal track. The "normal track.” number 2. is comprised 
«p S«tt«ral science, biology, physics, and chemistry. The contenu 

CQUKP ffo by these names. The details of each 

12 thmimt, Invemiom in Science Courses, Chapters 

preparatory -a misnomer, as we shall see. As is expected, students successful 
« o large Mgh .rhool 
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in these courses are also successful on standardized examinations, both state 
and prisaie. Students elect these courses for a variety of reasons. Most of them 
do not consider science as an area of special personal interest or vocational 
activity. They elect science mainly because a certain number of science courses 
arc required for graduation or for college entrance; or because "everyone takes 
science" in this school; or because it is not too uninteresting, and it may be 
inleiesting; or because it may a\so be the lesser o! all the “evils’* among the 
courses open to them. 

In these standard courses students are heterogeneously grouped. Those 
who do well arc usually in the group who will graduate from high school. 
Generally they will be able to obtain a satisfactory grade (C or better) in 
algebra. 

Truck I. Track 1 consists of courses for youngsters with low reading scores 
and losv arithmetic scores. These are the low achiesers, "slow learners," 
science shy, who are not likely to be college bound. Nevertheless they will 
vote, pay taxes, defend their country, and play a part in their communities 
by making decisions involving science in such areas as sanitation, health, 
civil defense, child raising, scliool programs, and so on. Their experience 
with science will also help them live in a world in which science and the fruits 
of science are increasingly abundant. These students will not be scientists, 
engineers, or skilled technicians, but they will live in a world of "experts" 
and sliould develop some sympathy for the activities and responsibilities of 
these experts. 

Track 3. This is the high-speed road. All courses in it arc given full mathe- 
matical iieaimeni and often deal, in specific instances, with college level mate* 
till. The students, in choosing this track, have grouped themselves homogene- 
ously to the extent that they anticipate making scientific work their vocation 
(or, at least, are interested enough to want to study science in detail). As 
prcrctjuisiies to admission into this program at the tenth grade, students 
ate expected to have had. in the ninth grade, a niinimum grade of R (8j%) 
in mathematics, a rcatling lest sevsre of IG.O, and a mathematics lest score of 
12.0. Table S-3 shows that some promising ciiildren with slightly lower scores 
may be admitted to test their abilities in this fast-moving class. What is im- 
jxjrtant in such an admission is the child-liis determination to live a scholar’s 
life, as well as his test scores. The techniques of teaching such a group arc 
disciisvcd in Chapter 9, The Science Prone. This group is expected to enter 
uillcgc. 

TroiV 4. This track is run cosvcusrenUy wtilv Track S, but students in 
Track 3 are not obligctl in addition to choose Track 4. This Track 4 offers a 
three year program dcsignetl to give promiving youngsters an opportunity to 
do simple "research" in science. As the students have expressed an interest 
in becoming research scientists. Track 4. known as advanced science, provides 
tli«n an o{>|>oruinily to try ihcir v*ings at real research. On page G5 and 
in Qtapier 9 the type of research such siudeiits have done is describ^. 


such schools and spends two full dap successh-ely in each school; in each two- 
day session he assigns work which is then answered when he next rotates to 
the school. 

One small school, like many others, has been able to offer a full program 
of science courses by alternating teachers and courses in this way: 

Teacher A is responsible for the early years of mathematics, and (or general 
science and biology. Teacher B is responsible for the later years of mathe- 
matics, chemistry, and physics offered in alternate years. 

Both teachers alternate in meeting with a biweekly science club in svhich 
the students do independent research and reading. Alternating sdth this bi- 
weekly club is a tutoring session which permits die more competent students 
to assist those who haie asked for aid. Students who must use school buses can 
be tutored at the lunch period or during a study period. 

This brief sketch of varied courses in schools of different sizes shows that 
the words “biology,” "chemistry,” "physics,” or other coune labels haie little 
meaning unless the particular course is seen within the total cuiriailar pattern. 
For instance, the course titled biology in Track 1, Table 3-4, differs from 
biology in Track 2, which in turn diffen from biology in Tracks 3 and 4. The 
instruction varies in both substance and manner according to the student popu- 
lation in the classes. To say “class In bio?<^“ means little unless the students, 
purposes, curriculum, and methods of teaching are clearly described. 

If the subject matter and procedures differ within courses known as “biol- 
ogy,” as well as among biology compared to physics, chemistry, and general 
science, is there any common denominator among the science courses or any 
adiantage to using the same coune labels for classes in different schools, in 
different totvns and cities? Wliat do teachen of these different classes and sub- 
jects hate in common? 

All oI these teachers base much in common. Each is concerned that his 
classes Icam considerable scientific information, form concepts, and practice 
"sciencing" to the best of their ability. The important ingredients whicli give 
continuity and coherence to these varied components of the scliool's science 
program arc: 

1. The processes (organiring and predicting, sifting and confirming) which 
are basic to scientific study irrcspecthe of the particular subject material em- 
ployed or the Iciel of accomplishment attained by indiiidual diildrcn. 

2. The product of these processes, the concepts which give children an idea 
of the way this world works. 


A short excursion info tfevefeping 
one's own paffern in science classes 

3-1. Wbat is the pattern of science classes in your own scliool? If you are not 
yet teaching, jicrhaps you can remember the high school you attended, and 
consider it in the light of these questior < 



(a) Does it enable all students to cake the same courses? Or does it enable 
homogeneous grouping? 

(b) If the latter, is there homogeneous grouping of science shy, or science 
prone? If not, are the reasons valid? 

(c) Are there any special groups like clubs, for instance? How are the 
special interests of students met? 

(d) What is done for the individual {or individuals) who wants to be a 
scientist? 

(e) Is there an opportunity in science for all the students in your schooP 


3-2. What varieties of pattern m science classes exist in your town, city, or 
state? Have you the courses of study developed by your State Department of 
Education? These often indicate the pattern of courses found successful in 
your state. (Also this is valuable informadon to have if you are a member of 
a school committee engaged in the determination of successful practices.) 
3-3. ^Vhat experimental" variation in organization of science classes has oc- 
curred m your school (or in the high school you attended) in the past? Some 
limes very successful practices are set aside for the moment, and then not re- 
surned. A study of these will help you develop useful tactics and strategy in 
revising your science class pattern. 


Specialist. V. S. Office of Education, Depart 
ment of Health. Education and Welfare, Washington, D. C., for information 
Periodically, the office reviews the pattern of 

In n have listed the most recent report 

on p. 59 in this chapter. 


3*5. ^Vhy not write your own 
Department of Education? 


university stall or the staff of your own State 


3-4. And. 
revise, or 


ol cou™, If .h,„i 

develop a new" pmem of science classes, 
to us? ' 


in helping you organize, 
or in another way, why 
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CHAPTER 4 


Patterns in teaching science: 

Science teachers 


A note at the beginning: Ah, the good old daj-s. Qaude Coleman gives us one 
reminder* oi some o( these “good old days.” He records 
the account ot a "teacher" who had taught for fifty-one 
years; during this tenure his services included "911,527 
blot« with a cane; (24,010 with a rod; 20.989 with a ruler; 
136.715 with the hand; 10,295 over the mouth; 7,905 boves 
on the ear; l,U5.800 slaps on the head . , One can guess 
at this "teacher's" pattern. 

Teaching is a persona! invention and every teacher has 
his otMi pattern. But there are different kinds of inventions 
and patterns. In this chapter we are concerned with three 
general types, each with a distinctive flavor. These center 
around three identifiable approaches in the process o( 
teaching. 


Three paUerits 

As one obsenes teaching throughout the country (and we have observed 
hundrciU of excellent teachers, and unfortunately many poor ones), one is 
forred to look at the teaching process in the public school in historical, perhaps 
csen evolutionary, perspective. An observer becom« conscious that perhajn 
sth(x>h. and the teaching processes practiced in them, exhibit an evolutionary 
sequence and that different schools are at different stages of evolutionary 
development. 

We see the leadiing process developing toward a rccognirable goal; the 
introduction into Khool and classroom of methods and procctlurcs vthich are 
the applied results of half a century of research in the psychology of learning. 
Wlicte teaching procedures of an individual teacher or school ignore what has 
been learned (tom research and observaiiom on effective teaching, the mote 

tQautte 0>Vtnan. "The Stkl," ISaBnim, ^merirtyi Aatxunon of L'nntmty 

rrefntoti. M. CVT. »9VS. 
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primitive stage of the evolutionary process toward effective teaching exists 
The direction of this process is from authoritarian teaching, with the objec- 
tive of transmitting the knowledges, skilk, and attitudes derived from a tradi- 
tional subject-matter oriented curriculum in which success is measured in 
terms of grades, toward a ijpe of teaching which is the cause, as well ^s the 
result, of mature planning among teachers, children, parents, and adminis- 
trators in a continuous attempt to improve teaching and learning. In the 
latter case the curriculum is planned cooperatively by teachers and supervisors, 
sometimes with parental assistance, units and lessons are planned coopera- 
tively by teachers and students. Growth of teachers and students, and of the 
community, is the objective. One thing must be made clear: at least as much 
subject matter is learned with the latter approach, when it is practiced with 
skill. (See pages 78-82 for testimony, if not evidence.) This approach begins 
with the needs and interests of all concerned (students, teachers, and the 
members of the community) in the learning process, whereas the former con- 
siders a temporary recollection of facts as the major hallmark of educated 
men and women. 

A caution and a generaluation: We presently know of no one way of 
teaching, no one curriculum, no one philosophy which fits all classroom situa- 
tions, all communities, all subject areas, all teachers. Research to date yield* 
no one method applicable to the teaching scene generally. Teaching Is essen- 
tially an art based upon the psychological results available. Above all else, 
the teacher is a responsible human being in a situation rife with human 
aspiration. 

A poffern of dowinathn (Mr. A.) 

Mr. A. was considered a good teacher of chemistry in the school vvhere 
he taught His students generally scored well on the stale's standard exami- 
nation, in fact, they were among ihe highest scorers. He rarely had discipline 
problems Although he never volunteered, or undertook on his initiative, 
the supervision of a science club, no one really minded, because "he did his 
job. And in the large high school where he taught chemistry there were 
others who took on the exuacurricular activities. 

\\Tien he spoke at faculty roeeiings. he would sometimes say. "Unless 
you give daily homework, you can’t expect results. These students don't work 
the way we did.” 

And in department meetings, when problems of discipline were discussed, 
them ^ """ '"y students do exactly as I tell 

As a matter of fact they did. One day when Mr. A. was absent another 
teacher tried to teach the class. He manipulated a problem in chemistry 
(weight-weight) in such a way that the students could not use the approach 
they had been taught by Mr. A. In effect the students told the teacher. "Mr- 
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A. nerer taught it to us this way. He wants us to do the problems in these 
steps. We are marked off if we don’t do them his way.” * 

\Miat these students were sa)ing u-as, in essence, that they were becoming 
set in their wajs of solving chemistry problems. Thej were being forced to 
follow one routine, which was presented to them ready-made. Instead of 
thinking through each new situation, the)' expected it to be like the last 
standard example (and it was; Mr. A. saw to that), and reacted to it in the 
same wav. This is "stimulus-response” psychology carried to a ridiculous 
extreme. By demanding the practice of his routine, clever as it may have 
been, Mr. A. was reducing readiness to think, reducing readiness to reason. 
His students were discouraged, even prohibited from attempting to seek con- 
lepts through creative problem solving. 

These were students carefully being "prepared” for college entrance 
examinations. The reports from far too many college teachers are that such 
students were hardly being "prepared” for collegiate study. Otherwise, why 
would so many collegiate instructors assert that they would rather (yes. 
ralher!) have students who had not studied the subject, say chemistry, in high 
school? This is a devastating remark to make. It Is almost the maximum in 
suit to high school teachers; for have they not spent their lives "preparing" 
students for these very college courses? Surely something it basically wTong. 

In an eflort to explore this serious assertion, one of us h.as propos^ a 
hypothesis whidt many of the aiticsl college teachers say is essentially what 
(hey obsen'C and what provokes their unkind remarks. It runs like this: 

The entering college freshman believes he knows something about a sub- 
ject Itccausc he has "had" a coune in it. Actually he has a speaking acquaint* 
ancesliip with some information and a recall of some generali/ations. How- 
ever. this exposure has covered too many separate topics; it is woefully "thin” 
every-where. The student does not know how any of the grncralirations were 
developed: he docs not know where they apply; and. more serious, he does 
not know where they do not apply. He is very ptoud to wTiic "H.O” in place 
of "water” and never knaves Uiat H.O. the real pure chemical, is a rarity even 
in collegiate laboratories. He knows that Pf = k, but he does not know iliai 
this is a iheorcucal notion applying only- to an "ideal gas" and only when the 
temperature is held constant. He docs not know that most gases will condense 
to a liquid when the pressure is raised to a few hundred atmospheres, ffc lias 
not solved problems; he has only done them. He has not attained, or formed, 
concepts: he usually repeats what he has raemori/cd. Ijicr, in college, he 
is obliged to “unlearn” or “relearn" what he proudly Ixrlicves he knows, 
befotc a more analytical anil realistic study of the subject can l>e jvicsemed. 
that is. before he truly attains the roiHept. He is too ignorant to realise how 

*Thi» inruil alul's temliwh m n( »»« sers inlerrUms uiklm A. S I.u(fiii>t. Xlrrhant- 
Ulion of Problftn iofisn j— TAc fffrtl of ttniStUu^c. Momienpin, VcJ. 51. 

’V''. 51*. 19*2. and Mi. 't. VhnsJCT and | R RoCln-, "Ri?id««» ai learned Behaitor.” lour- 
■at of Fjf<eTimrnStt tTffhotogj, 4i. Sept. 1952. p. III. 
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primitive stage of the evolutionary process toward effective teaching exists. 
The direction of this process is from authoritarian teaching, with the objec- 
tive of transmitting the knowledges, skills, and attitudes derived from a tradi- 
tional subject-matter oriented curriculum in which success is measured m 
terms of grades, toward a type of teaching which is the cause, as well as the 
result, of mature planning among teachers, children, parents, and adminis- 
trators in a continuous attempt to improve teaching and learning. In the 
latter case the curriculum is planned cooperatively by teachers and supervisors, 
sometimes with parental assisunce, units and lessons are planned coopera- 
tively by teachers and students Growth of teachers and students, and of the 
community, is the objective. One thing must be made clear: at least as much 
subject matter is learned with ihc latter approach, when it is practiced with 
skill. (See pages 78 82 for testimony, if not evidence.) This approach begins 
with the needs and interests of all concerned (students, teachers, and the 
members of the community) in the learning process, whereas the former con- 
siders a temporary recollection of facts as the major hallmark of educated 
men and women. 

A caution and a generaliiation: We presently know of no one way of 
teaching, no one curriculum, no one philosophy which fits all classroom situa- 
tions, all communities, all subject areas, all teachers. Research to date yields 
no one method applicable to the teaching scene generally. Teaching is essen- 
tially an art based upon the psychological results available. Above all 
the teacher is a responsible human being in a situation rife with human 
aspiration 


A poffern of t/om?nation (Mr. A.) 


Mr, A, was considered a good teacher of chemistry in the school where 
he taught His students generally scored well on the state’s standard rcanii- 
nation; in fact, they were among the highest scorers He rarely had discipline 
problems. Although he never volunteered, or undertook on his initiative, 
the supervision of a science club, no one really minded, because "he did his 
job. And m the large higli school where he taught chemistry there were 
others who took on the extracurricular activities. 

\yhen he spoke at faculty meetings, he would sometimes say. “Unless 
you give daily homework, you can't expect results. These students don't work 
the way we did. ’ 


And m department meetings, when problems of discipline were discussed 
them*’’'* ^ ”'y “udenls do exactly as I tel 

As a matter of fact they did. One day when Mr. A. was absent anothe 
eacher tried to teach the class. He manipulated a problem in chemistr 
(weight weight) in such a way that the students could not use the approacl 
they had been taught by Mr A In effect the students told the teacher. “M- 
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of each laboratory period (held once a week) to be certain the students knew 
how to set up the equipment and what results to expecL Furthermore, Mr. A. 
introduced each topic, e.g., Ox)gen, Solutions, Hydrochloric Acid. Halogens, 
Bases, Earth Metals, etc., with a lecture-demonstration. 

Students had little to complain about. They had elected chemistry. They 
were taught chemistry. If they did their svork, they “passed”; if they didn’t, 
they "failed.” Grades s^ere ghen as a strict mathematical aserage on the basis 
of Mr. A.’s tests. Mr. A.'s students always did well in the examinations which 
the school gave. They did not generally gather about him after class, or after 
the course was over. They svere polite to him, hosveser, and he svas polite to 
them. 

They learned chemistry: he taught chemistry. 

To the reader; Turn now to the list of characteristics in the teaching process 
on page S-l. Check those factors which characterize Mr. A.'s approach. Or, if 
you wish, wait until you have examined the patterns of Mr. M. and Mr. P. 


A pallern of the /aissez-faiVe (Mr. M.) 

Mr. M. was quite young. As a student he had become dissatisfied with the 
rigid patterns of the teachen in a "college-oriented” school he had attended. 
As he used to tell it; 

Mliat they did was as predictable as the rising and setting of the sun. A 
lecture was given for $0 minutes, then, questions were asLed for 20 minutes on 
the proious day's work. Etcryone knew svhai the lecture was to be; it followed 
the text and references (college freshman texts) pretty much. 

The questions were prediaable. they cotered the readings assigned. If you 
memorhed fairly well, you were certain of a good grade. If you didn't recite 
well, (he instructor usually reminded you that you wouldn't do svell on the 
College Board Examinaiions. I was bored, and so were most of the other 
itudenu. 

As a student teacher, Mr. M. had obsened not only a high school teacher 
in science, but .m elementary school teacher as well. He observed how the 
latter apparently let children do much as they pleased, yet they seemed to 
learn xery well. (He wasn't experienced enough, as we shall see, to note that 
she knew the children xery xs-cll and planned x-cry carefully.) 

He had read widely and x\as much impressed by xvhat he considered pro- 
gressixe education: to xvit, emphasis on the growth of diildrcn, not primarily 
on subject matter. He determined to try a xersion of his oxvn in science; and 
did so, in generoi science.* JJr determim^ in short, lo ict children phn 
the course pretty much on their own. He dcicnnined to exert xery little con- 
trol. After all, he thought, there were no College Boards in general science. 
The result xvas not x»liai lie liatl exjiectetL 

He began (the xery first lime he met them) by asking lu$ students enrolled 
in ninth grade science. "What do you want lo do this term?” He impressed on 

»ln a MiilMntcin ciij' Kl>««>t. jxijHililion S.tCO mihIciiil 
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little he knot’s. He has been trained to jump through a certain set ol hoops, 
but unfortunately in the real uorld, and escn in college, jumping through 
these particular hoops is not considered especially imptirlant. 

The tragedy here is that Mr. .V and Ins many colleagues thought that 
they ss-ere "doing ilieir job." but they neser tricil to analyze sshat "their job" 
was. They base the knosslcdge, the intelligence, and the inherent abilities to 
bring children to self-controlled learning, but this never seemed important to 
them. 


Mr. A. would never have ihotighi of it this way; lie would have rejected 
any suggestion that he wasn't leaching students how ii* reason. In fact, he 
beliesecl that hard work in learning resulted in improsetl ihinking-ihe 
harder the better. Mr. A. Iiclieved firmly that science develops logical thought 
He was not interested in the fact that, mote ilun a quarter of a century ago, 
the appealing assumptions of faculty psychology had been discrecliied ev 
iwriraentally. In fact, he used to say that psychology was not a science but 
quae ery. What he had to say about educational psychology would not 
bear repealing. ^ 

hfr. A. operated on schedules. His work was laid out carctuMy in a tom- 
’'u ' 1“,' hoard. He covered the entire rouiv ol 

swdyi he did not urry for the slow nor hurry for the fast, ^\•hc^. year after 
’.hv, '' '''''' 10 "»'ort lurJtr." Tht 

'on mis admon(.h«J lo "uoik for pcircclion"; lo incnlonie anil 
o' '“O™- Enrirfiinanl anJ 
(oTi'7n“ ,'y "’‘'"““''A 'oolil Kail lot collag,, «l,icl. i«al iht plait 

(Frid'.Il' 1?“’' • ‘'‘Oil Ititioinmc iiuiii .loiy uttl 

were mini.' el ^"“1 ’ "'ooilily ilule. The quiiiel 

conceded iihehlil'Sl" 

?aw',‘h troi'io"’ oo'j" 

bromide are u«d?" he prepared if 200 grams of sodium 


placel"' « it wa,„-. done iwo ded»al 

If one Visited Mr A t.ia»_ w- 

the students at work YMiPrA,..* t inducting a quiz, one could sec 

of this sort: ended with an assignment, usual!) 

Next *1“”'**^''* and problems." 

the questions and problems."?^’ a'r'*”’'*-"”' 

about the chapter. AVTien he found ,V answered question' 

answer, that they did not undersialld^®^ '1“”'*°"* ““‘lents faiW to 
turedemonstration. In addition demn he gave a brief «• 

non, demonsitaiions were done at the beginning 
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We want to take pictures. Can you get us film? We'll bring the camera. 
(Mr. M. did break the red tape to get a special budget for his class.) 

As the work went on, Mr. M. began to see things he wouldn’t have ac- 
cepted until he had tried his wa>; some he noted to his dismay, some to his 
elation, while others just baffled him. WTiai he saw, or consciously recognized, 
he stated in die report he made to his chairman. Here is 3 partial list e.xcerpted 
from that report: 

Some good things happened. 

a I really think the kids learned to work together (although I really can’t 
know whether that was the result of the method I used— no experimental control). 

b The best students learned a good deal. When leporis were made they 
listened carefully, they asked questions, they read further. So they did pretty 
well on the exams. The exams were fair; I saw to n that they cosered the work 
done rather well. 

« The kids learned to report, esen some dull ones talked up. 
d. 1 really beliese some of the best were stimulated to go on to Ki’ence 
because they had a good deal of freedom. 

Most things. I would say. were negative or indifferenily poor: 

a. A few kids took over, in each coinmiiice there was usually one. 

b. Not all kids worked equally hard, about one third of ihe class loafed. 

c. After three weeks of work this way most kids were pretiy bored. 

d. When they gate reports (after three weeks of aciixiiy, ihe first group on 
“Astronomy” gave an encyclopedic report running for ten days) most kids were 
pretty boring; they read their reports, used few visual aids, and didn't speak up. 
In short, iliey just weren't teachers. I don't know why I expected then to be. 

e. The poorest siiidents were just left out. 

!. In reporting (and in their work generally) most ol ihe kids didn't know 
what weight to give important or unimportant aspms ol their work. They 
slighted principles and emphasized deuils: they used vocabularies of unnetev 
vary difficulty: they didn't use the board: etc 

g Worst ol all I begin to worry that they hid left out some pretty important 
topics. (What of next term?) They liadn’t velectfsl "Phoiossnihesis.” for instance: 
they had missed "Lighting at Home." "Fire Extinguishers.” etc. 

So in the middle of the term, when a paiiimljr!) bad two days (sery 
borinjO had just gone by. when Joan asked worriedly. "How arc we going to 
do in our next year’s work. Mr. M.7 .Ml my other friends arc taking different 
topics from those we are." I suddenly look the bull by the horns and asked. 
"How would you like me to lake over for the rest of the term?” 

I still remember the look of bright relief on the faces of almost all the 
youngsters. The few who weren't rehevetl were probably wondering whv I 
hadn't done this in ihe first place. 

Mr. M. would have saved himvcH considerable anxiety if he had read the 
famous study of K. l.cvs‘m, R.l.ippiu. and R. K. ^Vh^^e, “Paticms ol .Aggressise 
behavior tn Exjierimcntany Created Social Cliniaies.*' • Tliiv study is also re- 
portcsl witli photography in Coodwin Watson, ”What .Arc the Effects of a 
Democratic .Atmosphere on Children?" • There are many other related studies 

of SofitJ /'rttfiologr, /O. ZTt, 193?. 
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them that: they couM do vkhai tl.cv wantc*!. fie vaa there only to helji theta; 
they could votL in groups mdividuilh, «r a clatt; the evaminations were 
to be made up by the itiidcuis (with hn giiidaiue). 

The class was graiificil I lie studnits were of nuddirclass homes and 
well behased; besides Mr Nf ujs [seivxiable ami luil a ’Vay” with siuJentv 
A class cliainiian was ap]MiiRK>l pj« umjKire and the siiidcnii fell la 
suggesting topics for study. Within j lew days iticy had the following listen 
the board-each topic ably dcfcnilid Ijs its protagonist}. 


Psychology 

lloiany 

Chemistry 

Asironomy 

llacieria and Dise.isc 

Saielhics 

Es olmioii 

Nuclear Energy 

Antibiotics 

Fish 

Ai Mr. M. tells it: 


VMiy do we behascas sscdo 

Aniitials 

1 lie Microscope 

Teles ision 

Airplanes 

F.lcctriciiy 

Life on Mars 

'(he liuiiian Ilody 

Reprmhiction 

Katming 

PcM 


h.-lgeiWse. it still indicated their ininou- 
ikuoly eseii lUeir nee,!,. v,,.n_ i , 


.•i I l<jpn 
rmion: 


. inspect 
of then 


that lomc of hmc ' ’• ‘ 

'"C T,""' r" 

m.n "! ■''r'""’"' 

nlsoTneV';haT'Mr''v''‘? woul.l hap[xMt. hut he 

happened. .So he Idi Mr 'm 

ready lolicl,, it, n. J.i i'-''- ^ Rrcat celcm. alilioiiRli he »ai 

wpio reail, w ■""I " "" ■i™''!'- The, .aw ,h.l .e.er.l oI .he 

wa. placed Ldlr -nlrie?"^'ii','‘‘ f*’"' 

etc.) AtwVdi l, ■ "‘I l'-ea,e-r "Ule „„ Ma„," „„der "A.i.....™!' 

rhe gro,,,, d„ide,,'d,“ "'’r 

»»tt on pid,-) and l^mVo ""Ik'"'” "" 

the room and ailotie.! lontet. and oilier .pare. ol 

help And .n.deoi .o™ "* T «’■ M. lai a. hi. tick ready » 

fp. aching such ciuestionsTs'” ** appointed, did come 

WiatbooUeanwesetonglandw. 

How do you want n, t„ write Uri, up! 
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to put these into practice in his classroom. He proceeded to do so. Let us say 
at the outset that his students did sery well in the examinations; they esen 
elected more science in later grades; more than that, a number far in excess 
of that expected took to science as a career; and more than that, a good 
number took to Mr. P. as a father-surrogate. 

^V'hen he met his class, Mr. P. began b) asking. “If you could have planned 
this course, sshai would ^ou hast included in it? Or, to put it another way, 
what would >ou reallj like to know? What would you like to learn?” 

In the discussion which followed seseral things happened, most of them 
predictable 

1. Some students began suggesting topics such as these, which s»erc put 
on the board: 

IVhy do we beliase the way sst do? , 

\Vh) are e like our parents? Why aren’t wc? 

Life in the past. 

2. Other students began suggesting topics such as these, also put on the 
board; 

Botany 

Zoology 

Digestion 

Anatomy 

Nutrition 

S. Still oihen, cautious, osen prudent, asked, "Don’t we hare to tale the 
iiaie examination?” To which the answer was an unequivocal "yes." Then: 
“Shouldn't we take the topics which will prepare us for that examination?” 
(.\nd some added. “For the College Boards as well.”) To this also the answer 
w'as an iincquhocal “yes.” 

The questions and disaission were resolved into a pattern which might 
l>c stated like this: "What can wc do this year which will accomplish three 
purposes: 

1. To study those topics which will help us live better lives; things we 
need to know. 

2. To study those topics which will help us do our best in the required 
examinations. 

5. To study those topics whish are interesting (hobbies, projects, etc.). 
'\l\ese ntay esen be itwlisidvial swywcs such as ’Canfcr in the SwnrdiaiV (a 
project done at home).” 

During the next week each topic was discuvsetl by the entire class (and we 
mean disaissesl!). ItJ advantages and disadvanugn were weighed in the light 
of the amoimi of tlasi time available, its priority in helping improve the qual- 
ity of living, its uscfulncsv in helping |iass examinations (state and College 
Boanl). its sj»ecial interest to a few- studentv 
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available.' Perhaps even more \aluaWe w-ould have been a tlioughtfu! read 
‘ng ol any modem text on teaching metliods.’ 

. A^ozy Mr. M. j exprriente is noteworthy and vety much like ik 

ofhIT-" " . « reported by Cronbach.» II you do study Mi 

Mr A77/*^r''”7’ as well as our 
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and which fed back results when reports were made or questions raised. Tliat 
is, individual expertness was encouraged and recognized. Mr. P. was available 
to advise on these projects, to redirect efforts that were stalled, or to expand, 
through questions, efforts that seemed to have run dry. 

Mr. P. had by this time convinced the class that they and he. together, 
could plan the course successfully. He remembered that only his first few classes 
had floundered; he had learned to trust his students. One of the things he had 
learned was that the success of the work depended on class committees and 
time given for planning. And there was the rub. There svas never enough time. 

Finally he had hit on this plan. 

He met once a week with the committee chairmen who formed the Execu- 
tive Committee. One week the meeting was early in the morning (before 
school); anodier week it was in the afternoon. Here vt'ays of proceeding were 
ironed out. Here reports, directions, laboratory work, films, field trips, lessons 
in which Mr. P. took the lead, were planned and scheduled. The committee 
also examined the three available texts and selected one for major use. In this 
way Mr. P. met with committees in all his classes. 

Each chairman scheduled meetings vviih his own group out of class: at 
home, during study periods, during lunch period, etc. In any emergency, the 
committee could call on Mr. P. Somehow he managed to arrange meetings. 
(The reader vv-ill see that Mr. P. believed in extracurricular work.) 

Each committee assigned one person to the class laboratory squad. This 
laboratory squad planned the materials necessary, ordered them from the 
science department's laboratory squad,* and saw to the distribution of the 
materials, their collection, and their return. (The department laboratory squad 
also saw to the preparation of materials and their maintenance and repair.) 

\\'hat was Mr. P.'s part in the day-to-day work? ]t was that of a teacher 
whose concept of science was described In Section I. Hence, he believed in per- 
mitting students to do their ''damnedest with their minds, no holds barred.” 
The reader will have noted that the course the students planned included more 
subject matter, not less, than would be found in a course within the pattern 
of teacher-domination. This is generally the result of a teaching approach which 
permits the students to help in the formulation of goals and objectives. The 
morale of the class, the motivation of the students, is high when the purposes 
of learning are clear and acceptable to them. These students worked very hard. 

Mr. P. taught often; planning by students doesn't mean abdication by the 
teacher. M'hen he found that a student's report needed clarification, he asked 
questions which illuminaictl- Mlien he thought that a topic was not fully cov- 
ered, he made suggestions. \\'hcn the topic was too difficult to be handled by 
a student, or group of students, he became a mei«l)er of the committee and 
planned with them; he taught actively, usually in the pattern of questioning. 

He was a guide and friend; he was firm and demanding, but not coercive; 

».\ Uitrusion of itudcni squids miv be found in ibe CDtnpanion volumes: Moiholf. 
Iinndv>rin. and Joseph, .f Soutethook for the Biologini Sttmttt, and Joseph. Branditem. 
*nil Morholl. A Sourrrbook for thr Phsucaf Sntnet*. 
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W’e ha\e watched such classes at work, and the students are clearly sensible. 
They c\en admonish each other on wasting time in repetitious discussion. 

At the end of a w eek or ten days, a list of topics and their subdivisions, as 
de\ eloped b> a committee of students interested in a special topic, was placed 
before ihe chss. The topics were in three categories usually. And Mr. P. attests 
to the fact that free discussion and skillful questioning almost always result 
in these three categories. (Mr P uses the pattern of teaching described in 
Chapter 7 always questioning, reliaining from giving information.) 

Calegnry A. Topics we should like to discuss in class. (Includes activities 
we should like to do in class ) 


1. Hqw' our bodies work (anatomy, physiology; includes dissection of frog, 
rat, cell studies). 

2. Why we behase as we do (elementary psychology). 

3 What we inherit (heredity, reproduction). 

■i Our origins (evolution, also such activities as a survey of animal and 
plant kingdoms to show evohitionary relationships; includes field trips). 

CategnryD^ Topics weean read for ourselves Permit one class period every 
week for questions (planned by a committee with teacher’s advice; see p. 81) 

1. Plants and animals (classification). 

2, Conservation (to be reviewed when field trips are conducted). 

8. Nutrition (to be reviewed when physiology is discussed). 

Cflfogoiy C Individual and group projects and readings. (To be done at 
home or during free periods ) 


1. Preparing permanent microscope slides. 

2. Raising tropical fish. 

3. The embryology of the snail. 

4. Culturing protozoa. 

5. Study ing heredity of the characteristic •‘dimpling." 

WUh iht« diUtrem ca.tsoric. ol lopk, „ bt con.idnrf, Mr. P. .nd th. 
Ua» agretd upon a aiork.ng procadure. Topia in Caiegary A ware lakan u[ 
.aquannill, da.,, aaah bain, con.idaiad far ainie weak, or e.an month. 
romm-.T' "" 'a'’''"'" “»»" tomponeot, on whiel 

Thu. tl "" ™>i aneonragamanl o£ Mr. P 

Thu. the whole da., wa. a, one .ima working on ,he ..me general area, ,e 
■here wa. oppor.nm,, fo, i„di,Mm,i .pedal 

other rem',' ® ” memioned. read Irom .tandard text, ana 

ou«i™rTh" T',1 *"• P'™'> “■"* wa. rcerved lo: 

’indent >l«««mn wa, planned by t 

nations. " ° would be taking the required exami 

Category C miohed aspects which usually grew out of Category A or I 
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TACLf 4-1 Some consequences of three teaching patterns * 
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he Tvas permissixe. There ^vaj an absence of threat in his class; there was free- 
dom to proceed \vith the business of learujng. not freedom to disrupt learning. 
Is it strange that Mr P. had few discipline problems? The students and he, as 
teacher, «ere ergaged m a commonly accepted, commonly planned activity. 

What of the poorer student— the science-shy student? Actually he had a 
mttch better opportuntcy in Rfr. P s class than in Rfr. A/s or Mr. M.'s. In 
Mr A s, he ■would have failed. In Mr M.’s, he might not have failed, but he 
could have gotten by with doing very little He might even have become a first- 
c ass nuisance. In Mr. P. s class the other students expected him to contribute 
in committee work, he prepared a report, and he reviewed in committee and 
in class Since he had a stake m plannmg the work, there was greater likelihood 
u 'vork to capacity In fact, Mr. P.'s classes were known for their 

** viT, 3*niosphere, there were feiv, if any, discipline problems 

What of the science-prone student? Clearly he had an opportunity to exert 

cleJl" *'""‘"2 “ P """”™’ 
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13. Some science teachen belics'e that adolescents do not know what ihes- 
want or can do, and must be told. 

H. Some science teachers, in their teaching, really satisfy their ov.-n needs 
(for seeunis, sutus. recognition) rather than those of their students. 

15. Some science teachers, in their teaching, attempt to satisfy their stu- 
dents’ needs. 

Of course, it ss ill be said, and rightlj, that these statements apply to all 
teachers, not to science teachers only. But the success of the sdence teacher is 
not measured onh bs his success in teaching science per se; we repeat, be 
leaches science to itudents. Hence the nature of his attitudes and approaches 
to his class, and liis management of its students are of paramount importance. 

The success of the science teacher in teaching science cannot be greater 
than his success in managing his science class. 
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the '‘scientifically gifted," Brand^ein” (cund that a situation which favored 
the “detnocratic planning’ apprrach m the saence class was more fruitful in 
developing these students than eitner the ■‘auihoriiarian” or the "laissez-faire" 
approach. This is in accord with the findings of Lewin, Lippitl, and White, 
and others. Furthcrr.iore obs,.rvatiOiis t’lroughout the country indicate quite 
clearly, almost beyond the si adcv/ of a doubt, that in the genera! estimates of 
students, supervisors, administrators, and the community, the teachers whose 
approach to the classroom is centered around "democratic planning” are con 
sidered to be most elfecuve Sometimes the oft used phrase “democratic” seems 
to lose its central meaning a system of checks and balances to avoid both the 
domination of an absolute monardi (Mr. A,?> and the chaos of anarchy 
(Mr M ?) 


4-1 . Where do you place youtsell? W-here do you place Mr. A., Mr. M., Mr. P , 
and other teachers you have known, on Table 4-1? 

4-2. In your estimation which ol the statements below apply most character- 
istically to Mr. A ’s teaching pattern? Mr M.'s? Mr. P.’s? To your own-present 
or planned? Or do they not apply at all? 

1. Some science teachers drive, even bully, their students to work. 

. Some science teachers have classes which come in ready to start work 
and to enjoy it. 

helpful «achers ate humorous and friendly, albeit firm and 

4. Some science teachers are in almost continual conlllct with their classes 
that may be r^eaed"" 
in triend,; 

m uj„l vnluntaril, nng.ge 
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Bases for a statement of objectives 


A base in developmenfa! fasfes 

One set of these aims and. objecthes is based on investigations in the growth 
and goal building of children, and must thus be based upon an understanding 
of what children need to learn in order to lead successful lives. For, after all, 
while teachers are all proprietors of the teaching process, the student is the sole 
proprietor of the learning process. 

Increasingly teachers have realized that they must consider the inherent 
interests and capabilities of the learner, as well as the subject matter; the who 
as well as the what of learning. Certainly a carpenter working with pine wood 
does not treat it as he would oak, no matter what he is attempting to build. 
Psychological studies, still in their infancy, have already shown the importance 
which internal motivation and goal building have on learning. In the field of 
sports there have been a number of international champions who were stricken 
with polio or other severe disabilities, and who probably became champions be- 
cause of their drive to overcome the aflliction. Constantly haunting all teachers 
is their awareness of the potential achiever who lacked drive and wasted his 
talents. Although the teacher is not the only one who shares responsibility in 
such cases, his conscience still bothers him, for he might have held the key and 
not known it. 

Effective teaching is based upon a clearer understanding of the "develop- 
mental tasks" of children. According to Havighurst,* elaborating on an idea of 
Corey, these developmental tasks are simply the things that children must learn 
in order to live satisfying lives. (Note that this satisfaction is in the learner, 
not in some external judging board.) Havighunt used this definition: 

The developmental o)k concept occupies middle ground between the 
opposing theories of education; the theory of freedom- that the cliild will develop 
best if left as free as possible, and the theory of constraint— that the child must 
learn to become a worthy responsible adult through rcsirainu imposed by his 
society. A developmental task is midway between an individual need and a 
societal demand. It partakes of the nature of both. Accordingly it is a useful 
concept for students who would relate human behavior to the problems of edu- 
cation— wiihoiu, I hope, obscuring important issues in educational theory. 

The t.ijks whidi the individual must learn— the developmental tasks of life 
—are those things which constitute healthy and satisfactory growth in our 
society. They are the thing] a person must learn if he is to be judged and to 
judge himself to be a reasonably happy and successful person. A developmental 
task is a Usk which arises at or about a cetuin period in the life of the indi- 
vidual, succcssliil achievement of which leads to his happiness and to success 
with later tasks, while failure leads to unhappiness in the individual, disapproval 
by the society and difliculty with later tasks. 

1 Robert I. llavighurst, IJn'rloOmrntal Tasks and education, Lonsraans, Creeo. N. V_ 
1950. pp. i, C. 

M also. Stephen M. Cotev, T/ie Ameruan High School, cd. hr II. L. Caswell. Ilarnn- 
N. V.. 1016. Chapter 5. 
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the science classroom? They are in the tradition of science. WTio is better 
equipped to interpret the results of sdenlific imestigations in learning (or 
teaching) than the science teacher? He is, also, part and parcel of tlie scientific 
tradition. He is in science. 

Nevertheless, the developmental tasks we have dealt with briefly, or the 
modem aspects of psychology, are certainly not the only source of objectives. 

A base in (ieU covering 

Some science teachers still seek their objectives in subject matter. To them 
the study of subject matter is the means through which boys and girls become 
responsible adult memben of society. While this proposition is partially cor- 
rect, it is incomplete because it neglects the student’s internal motivation to 
learn. 

Most teachers practice what can be called the '’field-covering” approach. 
They accept the total dictate ol a subject iriavtei field and its appmenances. 
content as outlined by textbooks, examinations, and tradition. Teachers who 
try to “cover the field” are faced with eternal frustration; the field is too large 
to be "covered.” Their basic aim is then to cover enough ol the field so that 
it is inlroduetory to covering more of the field. Elementary chemistry ‘‘covers’’ 
chemistry, but only preparatory to “covering” college chemistry, which is in 
turn often introductory to the field. In practice, then, "covering” the field 
merely means sampling it. The bask question then becomes whether or not 
the previous or traditional samples are necessarily the most effective for all 
teachers, all objectives, and all students. 

M'hat criteria, what aims and large objectives of teaching and learning 
does a teacher use to select tlie materials which are his sample? Selection of a 
sample becomes increasingly more difficult « the years go on, for in science 
the fund of information and concepts arc constantly increasing. Generally 
selection is simplified, and vigorously defended on the basis that the material 
to be covered is: 

1. Dictated by a course of study (developed by curriculum experts or a 
committee of teachers acting as experts). 

2. Dictated by a textbook (developed by authors and editors who are wiser 
than the indiv idual teacher). 

5. Required for an examination to be taken (standard achievement exami- 
nations, state examination, or College Entrance Examination). 

•1. Required for college entrance. 

5. .A duplication of a college course taken by the teacher. 

In the privacy of your own tliouglits. «aniine each of the five bases listed 
above. To vvhat extent is each supported by factual evidence, in contrast to 
hearsay anti the mythology ol etliication? In what vvays do these contentions fit 
with the teacher’s res]>ontibili(y to help children grow in wisdom? In nuking 
this assessment you might wish to note in two columns the arguments and 
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ously stated and are to be found in textbooks. Con\ersely, some objectives are 
so heavily framed in terms of “doing" or aaivily, that is, the external, ob- 
servable aspect of learning, that the intellectual basis is disregarded. Both 
internal (mental) and external (observable) must be attained and both must be 
stated explicitly. Generalizations without experience and new applications are 
essentially verbalisms, of which we see too many. Frantic activity for the sate 
of “doing sotneihing" frequently degenerates into vague "messing around" 
without purpose or significance. Both learning and doing go together and 
should be planned that way. W’hile the teacher's interest may center in the 
intellectual (invisible), the student's interest may center, and usually does, in 
the activities— what he can do. Effectwe leaching blends the two. The concepts 
sought in an attempt to improve the quality of life and living have significance 
to the learner mainly as they are applied to an understanding of what life is 
about. The concepts and generalizations around which the effective "problem- 
centered” course is built are useful to young people because they provide pur- 
pose and meaning in living. IV’e do not mean blind problem solving, or fruit- 
less problem doing, but problem solving, problem doing, drill (practice), and 
inductive-deductive work-all toward the formation of concepts which help 
youngsten do a better job of living (see Cliapter 6). 

A jynihesis 

What then is the orientation to which we may repair? Here historical 
penpective helps us to help ourselves. Histoncol perspective shows that even 
the most modern orientation, based on current research and educational in- 
vention, u'ill one day be termed traditional and be supplanted by devices which 
will be even more significant and effective. This is in the nature of advance. We 
take the best of the old, and blend it w-itli the best we know from later studies. 

But “the best we know" is not always "the best we should know." Educa- 
tion. its psychology as well as its pedagogy, has not advanced to the point where 
vvc can demand of our theories, as rigorously as wc should like, that they show 
us when wc are wrong. ^Ve propose that a fining base for the objectives we seek 
as science teachers lies in: 

A conception of the way children grow and what they need to know to 
develop to their fullest in this modern world. 

A conception of the “real" world as scientists have described it. We under- 
stand this to be a tentative, always changing desaiption. 

A conception of thevray of the scientist as he seeks to understand the world. 

Tlus base is oriented in generalizations about the grovvih of children (de- 
velopmental tasks), in gcneralizaiions alxiut the "rear’ world (concepts), and in 
the process by vvhich developmental tasks and generalizations about the world 
we live in are discovered (the way of the scientist). 

•Veru', of course, no one knows fust how children groa*, or what they need 
to know to grow to their fuUest,or what the world really is tike, or the full 
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evidence for and .‘gainst each iietn Ixjoi again at the fuc contentions in 
terms of the children )ou uarh %i»ll teach, or lived to know when jou «ere 
in secondary school Look onrt more lo see to s.hai extent the adoption of 
each point vould dicute or itstnet th*- manner in which you would organiie 
an teach the subject niatm Even il all five points were operating simultane- 
ous y, w rat opportunities would exist for your personal inventions in leaching 
procedures’ 

The textbook, of necessus. » usuallj based on a blend of most of these five 
factors Certainly authors have difficnliy m intrtxUicing new materials, fresh 
con Of new ajiproaclits. Teachen, who choose the Isooks to be used, d^ 
^ include most of the old familiar materials, 

in a ” * fM barge by the adihtion of "new topics." Authors are caught 
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mands of passine an exam.n-..- matter organbed to meet the de 

ends in themselves seems imt teaching generalirations a» 

lion,. ^ « «cr.lc as teaching content to pass examina 

dves; a difficulty perham formulation of our objec- 

above. Some stated obieciilo. . ^ ^“P^*'v'ble for the troubles mentioned 
changes sought in students •"fernflf or menm/, and invisible, 

rations, and Concepts Thev n ,i **** Puf*v«l as Understandings, Generali- 
history of science, as it „ere’^Tt 

~^.on tsoc in other words, have been previ- 



3. The ways of the scientist as they help boys and girls understand tht 
impact of science and scientists on society. 

Otherwise tvhy would the asmmunity "now stress science”? And ‘Svork 
closely with business,” which as always depends on technology sv’hose roots 
are in science? Furthermore, what kind of science instruction should be given 
the 70 per cent of youngsters tvho are not going on to college? And what kind 
of science should be given the 30 per cent svho are going on to college— a few 
of tvhom may become scientists? 

We propose that "The aim: to train the 70 per cent of high school gradu- 
ates who don't go to college” and the succeeding phrases indicate a turning to 
the objectives of general education. This in no way means a turning away 
from "standards”: it does mean for science specifically a synthesis around the 
three elements we have stated above. General duration is concerned with 
developing the various individuals we teach so that they will be able to utilize 
their capacities in planning and living their own lives with competence. The 
developmental tasks are aimed at this goal, and so is our synthesis. 

But the synthesis we have suggested does not explicate the kinds of things 
students need to do to live their lives fully. Quotations from individuals who 
have given this kind of explication serious thought would be useful. * 

The purposes of general education are better understood in terms of per- 
formance or behavior rather than more narrowly in terms of knowledge. 

And the 1952 Yearbook of the National Society for the Study of Educa- 
tion, General Education, includes this quotation: * 

President Conant sutes he vvould amend the Harvard report, General Edu- 
cation in c Free Society ... by stressing the type of behavior [italics ours] on 
which a free society depends rather than emphasizing the common knowledge 
and common values which InRuence the behavior of citizens. 

In other words, without definite specifications of the kinds of behaviors 
which students should develop as a result of taking a course, teachers comfort 
themselves with delusory notions that as long as students take science courses 
they will somehow come out sound of mind and of body, and that they will 
do the things expected of them. 

We lean to the notion that a person's knowing something can best be 
determined by his doing something. BrieBy, we suggest that desired changes 
in behavior be expressed as behavioral objectives. 


The behavioral objective 

M’e educate in order that we may improve the quality of knowing, of un- 
derstanding, of the behaviors which lead to more effective living. In other 

*T. R. McConnell rt at., “General EducatKiR.' Enryclopedta of Educational Research, 
ed. by VV. S. Monroe. Macmillan, N. Y., IMO, p 489. 

* Fifty-first Yearbook, Pan 1, U. of Chicago Prej. Chicago, 1952, p 6. 
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::tp— 

r.,r«,th a chaase in bthav.or) as b,hc.;o,al Tins » an app.n 

rprm i^hich ^ve gladly borrow fiom oiher recent publications. 

" Tta r1“s •.fou.Idanon ha. .nppor.rf n.n projects, ■■Elenrent.T 
Scholl 0^1 n s - aaJ "ieconsia-) '^elrool Ohjens. es." These are asa.labl 
: ™ °a*e“.o, . stnds nl the bcU.oral ob)ec.iv„ sshich have been dev 1- 

oped as a consensns b, "esporn" ,n elc.nen.ar,' and secondary educa. on. 

An exanonanon ol several saarple, ol bel.av.or.l objeCvB a. •». 
by N. C. Kearney and tVdl F.eneh, vs.ll sndnn.e ‘‘'“'r' 
may aid the reader in elaborating his own objectives (see the 
the end oE the chapter). In this last section, we sate objectives. " ^ ^ 

oE sample or of example, but to afford those teachers who ^ 

opportunity to develop their own statements oi objectives. \\c fee q 
firmly that a textbook in the ineihods of teaching science should avoi 
menu of objectives These, above all, must stem from the . 

school, and the teachers (Note The emphasis is on knowing and undenta 
ing as behavioral objectives) 


Case 1. Sompfe objeefives in elemenfar/ seftoel science* 


KNOWLEWE AM» tlN0E*STA\6ISC , • 

Initrmediale grades He [the siudem) it beginning to understand ' 

cal feature! and resources aflect population, consenaiion. recreation, inaui ^r 
prosperity, aggrcsiion He is able to contiasi recent and ancient v»aj$ of li' 8 
He knows that man derives wealth from animals and from the earth He kn 
the functions of the v-eaiher bureau, biologial sutvej. geographical lociet). 
understands diat scicniiflc progress is generally a cooperative enterprise, 
knows the relative locations of the ruajor regions of the vvorld and is 
interpret many of ihe common natural phenomena He is beginning to 
store of knowledge about agriculture, mining, dairying, ami manufaciunng. n 
knows about and uses safe behavior with fireaitns. explosives, poisons, noxio ^ 
weeds, poisonous planu, and such “unknowns" at dynamite caps, radium p 
lets. He should have a reading vocabulary of 500 history and geography wo • 
and a recognition vocabulary of an additional SOO. 

He knows some ways of verifying data to distinguish between fact and op'" 
ion. He is beginning to search for “how“ and "why” generaliiations in what 
observes in the nalural world about him. 

He IS beginning to undeivland the ways in which man has gained control over 
his environment and has made adaptations to it, and he relates (his control to 
the development of science and civdintion as we know them. 


Skill and comfetence 

Upper grade period, lie uses saentific information in a broad range o 
activities about the home relating to diet, appliances, equipment, gardens, au"^ 


Kearney, Elemenlary School Ob,ecltues, Russell Sage Foundation. N. 195’ 
e r '‘ OoaU of Getteral EducaUon in High School, Ru»“ 
Sage Foundation, N. Y., I 957 , 
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mobile, furnace, lennlation. lighting, insecu and pesu. pets, Viinter and sum- 
mer chores, faucets, and conservation. 

He habhuallv associates facta and seeks to fonnulate generalisations in the 
social and the physical ens ironment. He is careful to try to ascertain the difference 
between real facts and the conclusions they seem to suggest (in geography, for 
instance). He uses scicniiRc method in seeking conclusions and finding anssvcR. 
He distinguishes soentific method from superstition, magic, astrology, legend. 
He performs simple experiments in school and at home to satisfy curiosity about 
scientific questions. He seeks information as to safe rules for performing experi- 

Through reading, experimentation, and discussion, he examines the mean- 
ing and impbcatioris of new developments in such fields as electronics, plastics, 
jet propulsion, aircraft, and atomic energy. 

Note that the cliild doei things as a result of teaching; “He uses safe be- 
havior with fireanm,'' etc. It is never enough to state an objective in this way: 
"The teadiing of the rotation of the earth so that the child understands time.” 
The aim must be explicated by an activity, a change in behavior: in a be- 
havioral objective. 

^V'e turn now to several cases of behavioral objectives dealing with the 
secondary school. 

Case 2, Sampfe objectives in high school science ** 

^SrVBSSnJ TARSS tXrtU.tCtXT ACTIO’S 
ON HIS HCALTII ASO IIVCIE.NC ntOftLCMS 

Some illuiin/tve be/iavtort Regularly seeks advice from medical and dental 
practitioners and specialists, secures medical and denial examinations, not less 
than once a year and more often in case of need. 

Uses good judgment in deciding uhen symptoms of illness in self or others 
warrant consultation with a medical adviser, and assists the doctor or dentist by 
defining hit symptoms. 

Avoids self treatment of acne or other functional disorders common to 
youth. 

Utilizes when necessary the health services of the community and helps 
others to do likewise. 

Takes measures sudi as vaccination and immunuation to protect his health 
and that of others from communicable disease. 

Maintains (if girl) good habits of cleanliness, health, sanitation, and 
sensible exercise relating to menstruation. 

Recognires the hazards of quack or “patent medicine” medical care and of 
the comparable charlatan in mental health care, and seeks to avoid these ap- 
proaches to mental and physical health care 

Refuses to try a habit forming drug and reports to the proper authority 
anyone offering one to him. 

Plans for adequate ventilation in all indoor situations. 

Establishes habits of regularity in the elimination of bodily wastes. 

Takes measures to protect himself and others when suffering from a cold 
or other infectious diseases. 

‘*W. French, op. cii.. pp. 118-20. 
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u’.„ .»ple S» ..d dd.l.ns 

hL md. ”om c«ot. » ..dp»« l» PW' “* X'Sh X™l,, 1.«<1 

Knows some common harmful cotulinons that affect health atlveneiy. i 

™p... -pp- -- »»• »' '»■“ 

Acnpo >.d. or do«, (c p onhpdppt.c bmn) th.i bill tapra*d W> P''!'- 

Is gammg'sn uLem>nd.Pg ot she principles gmerning good ealing hsbm 
and of the need lor test and physical a'-ti\ity . 

Desires to c.inlorm to jiaodards dress set by own sex group, but is « 
coming discriminating about this respeo. _ , 

Cooperates with parents by adhenng to a diet if he is too thi , 
has physical disorders, _ . . . t •_ and 

Observes the pnncip'es of hygiene in the care o£ sWin, teeth, hai . y 

Recogiurei need loi some Tules" about bis work, play, diet and sleep 
Is learning to dre»s bctomin^y 

Assumes good posture lor his growing body . 

Rseogniies desirability of consulting a physictan and dentiit P"'*”'” ’’ 
Does not helie>e everything be hears about health on TV and radio, 
reads in print 

Is wary of patent medicines without checking with proper auihnrmci. 
Disapproves of the misuse of drugs . 

Understands the negative aspect of the use of tobacco and alcohol, and u 
neither. 


Note Uie use of active verbs A bchatiotal objeciite ts a behavior; it 
something which can be observed because youngsters show it in a /orffl oj 
action. To repeat, if the objective b attained. It can be seen in action: >t can 
be seen as active in the lives of youngsters vvho have been ‘‘taught" and have 
‘‘learned.’’ 


Case 3. Sample ob/eciives in odivsfing lo scienfiRc condifions 

Now note how Stratemeyer and her colleagues state these objective’ 
(Table 5-1, p. 98). Note that they provide for differences in the age of individ 
uals, that is, they expect that growth has occurred and some of the develop- 
mental tasks have been approached and mastered to a degree. 

Wiat value has this for us as teachers of science? Considerable value even 
when examined casually. To begin with, an objective stated in behavioral 
terms, in terms of what youngsters can be seen to do, helps the teacher pb" 
specifically to do luhat be can to help youngsters change their behavior. Sec 
ondly, the attainment of an objective suted in terms of specific behaviors 
can be appraised with greater objectivity because it can be observed. Like the 
scientist, we see a different reaction and can then ponder how it came about 
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Thinlly, and most important, the formation of behavioral objectives demands 
a thorough insight into the life and living of youngsters in their community. 
Youngsters are more ready to help in planning when they can anticipate a 
desired change in their osvn lives. Furthermore, behavioral objectives are 
clearer goals for youngsters to seek; they can recognize the importance of the 
desired behaviors and assess their own growth in these directions. Now let us 
look into the patterns which behavioral objectives take. 

Pofferns in behavioral objecfives 

The reader may say that these three cases we have included for study are 
really ‘‘outcomes” and not “objectives." This is begging the question in the 
following ways. Objectives are often stated in the form: “to know,” “to under- 
stand,” “to appreciate.” But how can one tell whether this has been accom- 
plished? One tests the student. Consequently teachers' real objectives appear on 
their tests and in the behaviors they seek in class, in the laboratory, and in the 
“world.” Students see this clearly; some (college students) have been known to 
say. "I didn’t know what the course was all about until 1 saw the final exami- 
nation." (This is, of course, not the most desirable situationi) All this then 
puts great Importance on evaluating procedures, for these reveal the teacher’s 
real objectives. For this reason Section IV is concerned with the appraisal of 
students, and of the teacher’s role. 

^Vhile there are no "average children” and no ’’average competence,” we 
nevertheless tend to expect e.xcellence of all, as if all could achieve excellence 
as well as aspire to it. But aspiration to excellence is not equivalent to its 
achievement. In developing a pattern of behavioral objectives which will guide 
us in our derivation of a pattern which fits each of us individually, u/e must 
guard against expecting uniformly the highest attainment of our objectives 
from all our students as well as ourselves. Those of us who have lived long 
enough have had occasion to rue our frequent fall from the heights, and to 
wonder whether we shall ever reach the real heights. 

First we need to classify our objeaives into at least two groups. Careful 
examination of courses of study shows that the numerous objectives differ in at 
least one major aspect. Some apply to the entire course; indeed some apply 
to all of schooling. These we shall call pervasive objectives. The others are 
limited to a particular course of study, even to a unit of work. These we shall 
call limited objectives. 

Each objective as stated will consist of two parts: the internal-intellectual 
and the externaf-observabie. Behavioral objectives, as we shall formufate them, 
are phrased in the form Internau observable. That is, an undersunding 
(the internal) is followed by a skill or competence (the observable). 

The teacher who formulates his objectives in the pattern will thus have 
each explicit understanding followed by one or more observable, overt activi- 
ties which require that understanding. 
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TABIE 5-1 A set of behavioral obiceliVej: odjirsfing lo ofmojpherie 

condifioM * 


Undemanding 

Heather 

Conduiorxs 


.LY atlUHIOOO 

X in ueether 

teluiliei Reddin' a 
c hnding hOY% to pro 
ivl.fn pUMns in snoi*. 
t mtm TYin hid diet. 

I.ke helpin,; tirtide 
IS hlels 10 lain jsl.in; 
s DT others till that it 
r be ckYr later in the 
5 »hu cluihing IS ap 


1 on (he nindnw pane Icep- 
iimpls neaiher eharu. etc 


utTrs ciiitniiooo 

Dfieio/iing bases for judg’ng end 
odiuslhg to u-eather coadilioni 
Rcadini lliermomeier, baromeier. 
fimlin!! how to inleT'™t "P®™ 
from weather bureau; testing 
petstiliont about the wcallier. End 
intt what cause* thunder, iighinins- 
hail, rain, snow; inquiring about 
the causes of reporietl hurricanes, 
esclones, finding sshy mouniauu 
hate snow on them in 
wh) sheliereil parts of pr'W" 
not freere; helping coier plants m 
garden before a lr«ie: he'P‘‘'» 
parents prepare for winter weal ett 
asUng about liiltcrences in ‘''rna e 
reported in articles about other 
enuntriei: etc. 


4d/u»ing to 

of Air, 
Uoisture, 
Sunlight 


holing efieets of different «>mos- 
phene conditions Helping teiiiilaie 
rooms proiiding adc<)uaie teniila- 

tram; finding why strong winds 
ffliVe It hard lo wall. asVmg where 
winds come (loni aslmg how blnls. 
airplanes can stay up ns the air; 
finding when it is netess.iTy lo pro- 
tect oneself from sunburn; etc 


finding out flhoul p/ieiiorntne « 
sofiated ufih Ihe a/moiphtw 
reosoiis for common 
rinding how to isoid drafti 
semilaiing a room: finding » 
humidiReti are used at ’ 

Khool. using basic principle* In by 
ing a lire. fi)ing toy 
cussing how fresh air is ’“PP 
submarines, deep sea disers 
cosering why protections 'r!*™ 
sunburn are more necessary 


• Florence B Straiemeyer. Hamden U ForVi 
opi ng a Curriculum /or Modem Ltvmg. Bui 
Unisersity, N Y , 1947. 


r. Matgaret C 
SIS of Psiblicatio 


M/e are, of course, asvare that hasing an undentanding itself i* 
havior and that achieving an understanding, where none existed before, is * 
change of behavior. ^Ve inswi. however, that while this is all to the 
should like to have evidence of this achievement of a change in understand 
ing. This evidence is best obuined. where possible, through observation of an 
overt behavior. 
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Understanding climatic end utealher 
conditions and making apprtrpnate 
aiijiutmentj. Vindei^laTiditv^ Vkvt 
principles in operation in barom 
eten. other instruments to predict 
weather, reading weather maps, dis- 
cussing the reasons for regular oc- 
currences of hurricanes, cyclones, 
floods in specific parts of the coun- 
try: discussing the adequacy of 
community pro'isions against these 
disasters: helping parents decide on 
the Vind of crops, plants, trees, 
which will ihrne in the preiailing 
climate, finding how houses are 
built to take account of different 
weather conditions: discussing re- 
ports of the effects of drouth. e\- 
cesshe rains on the nation's food 
supply, discussing the possible ef- 
fect of prevailing weather condi 
lions on the location and use of 
international air lines: etc. 


ADVLTIIOOD 

Making effectn-e adjustment to 
li-eather and dimalic conditions. 
Using tnAssnssewu so 

predict the weather: the thermom- 
eter, barometer, weather bureau: 
deciding on appropriate clothing 
for self, children, deciding whether 
prevailing conditions make hail, 
wind. Rood insurance or special 
piolcctions desirable: adjusting 
style of house to presaifing climatic 
conditions, adjusting kind of crop 
and garden to length and nature 
of season, deciding where and when 
to lake vacations; considering the 
possible effect on price and aiail- 
ability of raw materials of unusual 
weather condiiions in this or other 
countries, etc. 


Cfnderjfonding 

Weather 

Condiiions 


Using basic principles gofcming 
nrrded ed/iutments to etmos- 
piieric condiiions. Ventilating home, 
schoolroom: discussing the issues 
Invotied in proposed measures to 
as'iire smoke eonirol in industrial 
cities, discussing new discoieries 
which prolong the time man can 
Slat In rare atmospheres, under 
w-aier: finding how air condition- 
ing can control heat and humidilv; 
fiiuling why dry warm climates are 
tccommmided Cor certain illnesses, 
etc 


.tfoking effective adiiisiments to ol- 
mospheric conditions Deciding how 
best to tentiUte a house, office', de- 
ciding when a humidifier b needed. 
cortSHleting whether to irtsial) air 
conditioning; taking action to con- 
trol smoke in industrial dues; 
finding what adjustments to make 
in (noting to different altitudes: 
caking action on measures to nd 
the alRicnphere of pollen; adjust- 
ing actitities in hot humid weather; 
helping children avoid tunbum; 


Adjusting to 
Conditions 
of Air, 
.Voitture, 
5iinf/ghf 


An example of a pervasive objective stated in this pattern (as a behavioral 
objective) would be: 

UMifRsTAMJtNG; behavior 

To L'NDERSTANO THAT AN EFfECT CENERAtXY IS RELATED TO A C.MJSE: itl hit 
e.tp/an<ifiorj of events (e.g., rain) he [sludenl] stales a cause (cold front) orifnfej 
o hypothetical cause, or states that the presumed cattle ir unknown to him. 
Clearly UvU applies to all science courses; it is a pervasive objective in all of 
science teaching. 
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Examples o£ limited objectives (which in their turn serve pervasive ob- 
jectives) are; 

General science 

To KNOW CENiRALLY THE GEOGRAPHY OF THE SKY. he identifies the common 
constellations. 

Biology 

To KNOW THE BASIS OF NUTHmON FOR GROWTH ANO HEALTH: he plonS fl 

satisfactoTy diet for himself for a Ihree^ay period. 

Chemistry 

To UNDERSTAND THE CONCEPT OF pH he determines the acidity of his lawn 
or a sample of soil, distinguishes between common acids and bases found in the 
laboratory and the home; knows first aid procedures for accidental contact with 
stronger acids and bases. 

Physics 

To CNOERSTAND oHSf’s tAw; he does expected calculations involved; ap- 
plies 0/im*j principles fo parallel and senes circuits, practices safe loading of 
circuits. 

These are but a tesv examples; surely many others will occur to the reader. 
We do not plead the importance of these particular ohjectis'es. although we 
could develop the pervasive objective to v»hich they apply. For instance. 
Ohm's law could well illustrate the pervasive objective oE teaching "cause and 
effect” relationships. (OE course teachers v»iU prefer their own “limited” ob- 
jectives.) IV’hat we feel is important here is the utility and clarity of the objeo- 
tives when stated in this form. Tliey state an inielleciual generalization or 
understanding and also state immediately thereafter the behaviors to be ob- 
served when the student {mows the meaning of the generalization. 

But what of attitudes and appreciations? As attitudes and appreciations 
change they are exhibited in longterm, habitual behaviors of the learner. 
Essentially they represent the emotional orienudon of the individual toward 
the topic at hand They arc the guide lines with which he approaches the 
information and weighs the various facts available to him. Most of the atti- 
tudes sought in science courses, and m all schooling, are pervasive; but these 
necessarily develop out of specifics which are initially limited. Our form of 
staling amiudes is: 

Attitude- activity 
Pervasive 

To DEVELOP AN ATTrTUDE OF OPEN-MINDEDNESS in expressing judgments 
where the data are obviously incomplete, lends to say something of the sort 
"all the facts are not in; let’s wair; wants to hear both sides of the case; forms 
trnldliw conclusions. 

Limited 

To CONSERVE LIVING THINGS: in the field builds campfires properly; stamps 
them out after use, cleans up after a meal; checks safety devices at home. 
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The attitudes we de\efop in children are, however, intended mostly to be 
pervasive, rather than limited. Kote also that the methods of approaching 
science, the svays of the scientist, are persasive, whereas generally speaking, 
concepts, facts, and data tend to be limited or contained within a subject area, 
or a single topic. Conceptual schemes tend to be less limited; in fact, in the 
general courses such as genera! science, they lend to be pervasive throughout 
the course. 


Patterns of objectives in refotion 
to a science teaching pattern 

In Section III, where we study the science curriculum and its scope and 
sequence, we shall consider a number of specific behavioral objecti»-es in 
science. In this chapter, our purpose is to consider how a pattern of objecthes 
relates to a pattern of teaching. Additional specific methods, techniques, and 
procedures related to teadiing patterns affecting sciencc-shy and scicnee-prone 
students will be presented in Chapters 8 and 9. 

The beginning teacher 

A beginning tcaciier has not yet formed his teaching pattern, but he 
soon will. To be sure, lie will undenaVe to teach the ways ol the scientist, to 
institute the climate of science in his classroom, and to work for concept at* 
lainmcnt by his students (Chapter 6). Initially he will be aware of the three 
general teaching patterns describctl In Clwptcr •}; the dominating, the laissez- 
faire, and (he democratic planning. Each has its appealing attributes to the 
relatively insecure beginner. U’hidi svill he choose and svhy? 

He will ask himself. "IVliat do I really want to accomplish in my leach- 
ing?" Or to put it another way; "What arc my rcsjxitisibilitics to these chil- 
dren? What are my real purposes?" We beliesc that the form of answer svhidi 
will hate most meaning to him will be slated as behavioral objectives; what 
he wishes the students to Icam to do and the basis on which they do those 
things. Such objcciiscs are not quickly isolated and phrased. Cradiially they 
csohe through careful study, tbouglii. discussion, and reflection upon exjwri- 
ence. M.-iuirc ie.schcrs have learned that they tontimially omgrow their older 
objcctit cs; netv possibilities always tome to light. 'Hte beginning teacher shmild 
expect throughout his (caching responsibilities to modify continually his oI> 
jcctiscs as he learns more aboiii thildreii and the subject he (caches. Such a 
continual search gites purpose and direction to his study and thought. The 
ahilit) to extend and enrich objcctitcs is one hallmark of the profevsional 
teacher. A teacher’s analysis is ncser completed; and this it one reason that 
teaching is exciting. 

he that at it may, the ness- teacher cnicn a teaching ein ironment (school 
and (onimunity) in which a certain teaching pattern is praised and in which 
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Examples of limited objecilves (which in their turn serve pervasive ob- 
jectives) are' 

General science 

To KNOW CENERALLV THE GEOGRAPHY OF THE SKY: he identifies the common 
constellattons. 

Biology 

To KNOW THE BASIS OF NOTKITJON FOR GROWTH AND HEALTH! he plans fl 

satisfaclory diet for himself for a three day pertod. 

Chemistry 

To UNDTtwTAVD THE CONCEPT OF pll he determines the acidify of his lawn 
or a sample of soil; distinguishes between (ommon acids and bases found in the 
laboratory and the home; knows first-aid procedures for accidental contact with 
stronger acids and bases. 

Physics 

To UNDERSTAND OH'i’s LAW. he docs expcctcd calculations involved; ap- 
plies Ohm’s prinnples to parallel and senes circuits; practices safe loading of 
circuits. 

These are but a few examples: surely many others will occur to the reader. 
We do not plead the importance of these particular objectives, although we 
could develop the pervasive objective to which they apply. For instance, 
Ohm's law could u ell illustrate the pervasive objective of teaching “cause and 
effect" relationships. (Of course teachers v»iU prefer their own “limited” ob- 
yectives.) ^Vhat we feel is important here is the utility and clarity of the objec- 
tives when stated in this form. They state an intellectual generalization or 
understanding and also state immediately thereafter the behaviors to be ob- 
served when the student knows the meaning of th** generalization. 

But what of attitudes and appreciations* As attitudes and appreciations 
change thev are exhibited in longterm, habitual behaviors of the learner. 
Essentially they represent the emotional orientation of the individual toward 
the topic at hand. They are the guide lines with which he approaches the 
information and weighs the various facts available to him, Most of the atti- 
tudes sought in science courses, and in all schooling, are pervasive: but these 
necessarily develop out of specifics which are initially limited. Our form of 
stating attitudes is. 

Attitude, activity 
Pervasive 

To DEVEiop AN ATTITUDE OF OPEN-MiNDEDNESs: 171 expressing judgments 
where the data are obviously incomplete, tends to say something of the sort 
“all iJie facts are not m; let’s wait”; wants to hear both sides of the case; forms 
tentative concfuiionj. 

Limited 

To CONSERVE LIVING THINGS: fit the field builds campfires properly; stamps 
them out after use, cleans up after a meal; checks safety devices at home. 
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As we have slated in Chapter 4, the laissez-faire approach generally re- 
sults from a basic misunderstaadii^ of the so-called progressive approach. 
Generally it is soon relinquished as vague, frustrating, and chaotic. 

Objectives related to the pattern of democratic planning. A teacher who 
works in this pattern looks at the )oung$ters and the area of subject matter 
he teaches with the eyes of a responsible dtiien. a leader of youth, rather than 
as a subject matter specialist or an amateur psychologist. He starts svith human 
beings, his students— with their needs, problems, concerns, interests, motiva- 
tions— and asks how his subject matter specialty can help them to live better 
lives. He consults his students, his community, his supervisors and adminis- 
trators, the archives of his subject matter area, himself (in the light of his 
experience). 

Such a teacher actually deals with behavioral objectives. For as be con- 
sults those elements of his teaching environment listed here, he perforce comes 
to realize not only that his teaching must affect those he teaches, but also that 
he must demonstrate the effectiveness of that teaching. He comes to realize that 
he must weigh the results of his teaching; because even as he evaluates his 
students, they also evaluate him. in much the same way that their parents 
and the school administrators do. 

Therefore he slates his objectives and the behaviors he expects when these 
objectives have been attained. 

The patterns of objectives, which best 6t the teacher who is within the 
pattern of democratic planning, are those stated as behavioral objectives. 
Whether the objectives he states are pervasive and sustained throughout the 
entire course or curriculum, or whether they are limited and contained within 
a unit or part of the course or curricutum, these objectives, or goals of in- 
struction, are most clearly seated wherever possible in the pattern we have 
suggested: 

Undhistandinc. skill (or competence) 

Attitude: acuvtly 

Objectives stated in this pattern clarify each other in counterpoint. Skills 
oj>crationally define and clarify the understandings, and the activity shows 
that the attitude is indeed a part of the individual's behavior. For what does it 
profit us to state objectives unless they result in observable changes of be- 
havior? 

One pofiern of faefiavi'orof o6/ecfiVes: "crifieo/ fhinking" 

A very interesting analysis of "ctsticsl thinking ' was made by lluike; “ 

A person carries on critical tliinking when he exhibits the following behaviors: 

1. DiITereniiates between authorsuiive and nonauthoritalhe (reliable and 

less reliable) sources of information. 

2. Criticizes faulty dedtirtive reasoning. 

u I'aul I Rurke. •Tesiine tor Crincjl Thinliog in Phjsics." Anirrinn Journal oj Phyiia, 
17. 527. 1949. 
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certain obiecn\es are piired. Ht cannot, and should not, attempt to alter 
these until he has Ined with them for a nhiJe- Our explicit statement then 
for the beginning teacher is to adapt to the teaching pattern and to adopt 
the teaching objectites of his ensironment. for the first year or two. These are 
years of study and choice, much like the first few years of the residency of a 
physician or the apprenticeship of a young attorney. 

Affer the first years 

In Chapter 4 we stated out preference for the pattern of teaching which 
we consider most cffectise, this is based on years of trial, error, observation, 
and much practice. This will be made more specific in Chapters 8 and 9, be- 
cause both the science shy and the science prone react most favorably in this 
pattern. In our experience, the patterns of lauscr-faire and domination are not 
as effective with these groups, or with the general run of students. 

Objeetives related ta the pallern of domination. The dominating teacher 
derues his objectives from subject matter. When these objectives arc stated by 
such a teacher, they appear with such forms, tones, and overtones as the 
following: 

"To learn the principles of chemistry." 

"To practice the method of the scientist" 

"To learn to do weightvoluroe problems." 

"To learn to classify animals and plants." 

"To learn the anatomy of vertebrate animals.” 

'To learn the principles underlying the laws of machines." 

Sometimes (and we ourselves have heard these) the objectives are stated 
as bluntly as follows: 

“We prepare them for college.” 

“We prepare them to pass the Ckillege Board Exams." 

“What’s the difference as long as they work hard? Almost anything they 
learn is good for them." 

Objectives related to the pattern of laissez-faire. Strangely enough the 
objectives of the teacher who holds to laissez-faire may relate closely to the 
last "objective ' stated above: 

"What's the difference what they learn, as long as they grow, and learn 
to live with each other?” 

The teacher who maintains a laissez faire approach is very likely, if he 
persists, lo approve of such objectives as these, generally stated by his pupils: 

"I want to grow rats." (TTie teacher sees In this an opportunity for the 
youngster to learn something of the nutrition, growth, and reproduction of 
animals and to develop certain attitudes and appreciations.) 

"I want to study photography." (The teacher sees in this an opportunity 
for the youngster to study some chemistry, to develop habits of work, in addi- 
tion to certain attitudes and appredations.) 
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>^n excursion 

into developing one's own sfofemen^ 
of objectives 

Some teachers may be interested in des-eloping their omi objectives. 
Two selected cases are presented below, and another cited, for this purpose. 


Case 1 

The following list of objectives of science teaching has been set forth by 
R. ^Vill Burnett.’® These are relevant to an area of need which Burnett stated 
as follows; "It is desirable that young people develop scientific or critical 
attitudes and abilities." This is a component of the larger developmental task 
of young people which involves their development of a personal philosophy 
or "world view." 

Now let us look to Burnett’s list of objectives which stem from this need; 

1. Ability to discover problem situations. 

2. Ability to delimit problems into notkable and procedural proportions. 

3. Ability to develop tritical hypotheses. 

4. Ability to secure expeditiously selevam, authotiiaiive reference data. 

5. Ability to secure experimental or obsenational data critically and expe- 
ditiously. 

6. Recognition of bases of authority m any held. 

7. Ability to work cooperatively. 

8. Ability to recognire personal bias and to consider it in making judgments. 

9. Disposition to allow asceruinable facts to speak louder than prejudice. 

10. Ability to communicate effectively and accutately. 

n. Recognition of limitations of both data and conclusions. 

12. IV’illingness to reopen issues if new data are available. 

13 Recognition of approximate nature of truth. 

H. An explicit understanding of major aspects of "the scientific method." 
15. Recognition of applicability of Kienuhc methods to many nonscience 
problems. 

16 Recognition of essential synonyvnity of scientific and democratic proce- 
dures. 

17. Recognition of necessity for planning on complex issues. 

18. Recognition of universality of cause and effect relationships. 

19. Aggressive interrsi and ability in determining causation even in com- 
plex and controversial fields. 

20. Critical understanding of differences in several historical and contem- 
porary conceptions of iniih and sis methods of formal inquiry: scientific metliod, 
magic, supemaluralism. reason, observation, experimentation in discrete areas, 
uial and error discovery, scientific planning and pragmatism. 

21. Faith and allegiance to the scientific method at against narrow, piece- 
meal understandings of it or ass'e inspinng. glamorous, ’'almost niagical'' con- 
ceptions of science and professional scientists. 

22. Recognition of limitations of scientific methods particularly vshen ap- 

’> R. Will Kimiell, “The Science Teacher and ilis Objectives." Traehrti ColUf;e ilecord, 
0.211. Columbia U.. Jan. I9H. 
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S. (a) Differentiates between statements that describe observations, i.e , "facts,” 
statements which are hypotheses about facts, and statements that introduce new 
words 

(b) Recognizes meaningless statements, eg, stacemenw which are not aehni- 
tions, are not verifiable by observations or do not have implications verifiable by 
observations, and are not matbemaucal or logical propositions 

4. (a.) Draws valid inferences from graphs^ tabular data, expository material, 
and Diher given information. 

(b) Recogniics what assumptions are to be maintained in drawing inferences 
from data. 

5 Selects data which ate pertinent to a problem. 

6 Criticiies data (tabular, graphical, or other) which have been collected to 
aid in the solution of a problem, with respeei to: 

(a) pertinency to the pnAlera, 

(b) accuracy of the data and reliability of the method of collection, 

(c) sufficiency 

7. Criiiciics inferenc« drawn from data by rewgnuing whether a supposed 
inference is an implication of the data, umclai^ to the dau, or contradicted by 
the data 

S Estimates probability of the inference and aiticizes given estimates of 
probability 

9 Selects the hypothesis, from a group of hypotheses, which most adequately 
explains given data 

10. Recognizes the approxinoie or lentaiise nature of Jiyposheses. 

11. Recognizes what assumptions, beyond the data, have to be made iri the 
formation of hypotheses 

12. Criticizes hypotheses as to: 

(a) accordance with the data. 

(b) adequacy of explanation. 

is Cncieizea experimental procedures as to: 

(a) pertinency of the procedure to the problem, 

(b) isolation of the experimental variable by proper controls, 

(c) accuracy of the observations, 

(tl) sufficiency of the number of observations or repetitions of the experiment, 

(e) validity of the assumptions involved m setting up the experiment. 

14 (a) Recognizes the existence of errors of measurement. 

(b) Recognizes when the precision of measurement given it of a degree war- 
ranted by the nature of the problem. 

(c) Criticizes a stated precision of measuremetit according to the precision of 
the measuring insiruments used. 

15. (a) Recognizes what assumpuonshave to be maintained in generalizations 
from the results of an experiment, 

(b) Criticizes the validity ol generalizations from the results of an experiment 
to new siluacions. according lo the degree of similarity of the new situation to the 
experimental situation 

Notice that no particular subject material is cited, the behaviors described 
are required in many areas of science. Perhaps you will find it useful to e.xani- 
ine certain of these listed behavitns in terms of how they could be practiced 
by students in the courses you teach, or plan to teach. These behaviors listed 
by Burke are drawn from the dynamio of science; to us they are science. 
Opportunities to practice them arc inherent in all the subject material of the 
sciences. 
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An excursion 


into developing one's own statement 
Of ob/ecfnres 


Case 1 

or iZfd'Z'- »'“» >«™"“ophy 

•NW in m loot .o Bemen; li„ ol objenhn „l,:,b „e„ 

1 AbiliiT to dtscoicT problem sttuitiont. 

2. Abihtv to delimit probicmi into wrUbJe and Dr<v^„r-,t 

3. Abil.r, lo dc-tlop cool h.p„U,nn P'o^^-nl proponiono 

3 ihlT '° ''I'”"". .Oihotitiibt rrfncn: i,u 

d,UouV ’ ■'™'' d3„ nioo""" fiV 

6. Rmgnition of bases of authorit>- in anj field 
I. Ability to «ork cooperau\el>. 

8. Abilits to recognue personal bus and to tonsider it in maline 

9. Ditpotuion to allot, avreruinable facts to speak louder 

10. Abilitr to commumate efIecmeK and acriirattN Prejudice. 

11. Recognition of limitations of both dau and conclusions, 
if" ” ‘^'‘"5""* ‘® reopen issues if new dau are asailable. 

13- Recognition of approximate nature of troth. 

14. An expliai understanding of major aspects of “the selemift.. _ t .« 

dZ°' ""“"W of MPd d™„..,„c prec 

1“- Recognition of nccrssiis for planning on complex issues. 

18. Recognition of umsersafits ol cause and effect relationships. 

19. Aggrcssisc interest and abiJiis m determining cauvaiinn r\f„ • 
plcx and controsrrsial fiehls 

29. Critical understanding of diflrtcncrs tn seseral liiiiorica] and 
porarj conceptions of truth and in methods of forma] imjuiry; Ki’eniific 

supematuralism, reason obseriaiion. eX|.en'mentaiion m discrete ' 

^lal and error discosrrs. scieniif.c planning, and pragrrutlira. “teas. 

21. Faith and allcgiinte to the scientific metliod as against narrow 
^1 undcTsundings of ii or aisc inspiring glamorwiv “almost 
*^110111 of science and profeuional Kicniists. 

-•s. Recognition of limitations of scientific methods particularly sihen ap- 


s Burnett, Ttie Scieme Tcatl. 

^lumhU I’, Jan. 1911 
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plied to areas vhete control is tliflicuh ami where contingentiei and imponder- 
ables arc numerous . . 

2S L’ndcrsnnaing (hat althou^ Kicncc may tlnermittc which of altema- 
ii\c defined goods or bads are most conducise to the outcomes i()cciricd in the 
definitions, science itself cannot detcnninc what is good and s*hal is bad. Recog- 
nition that the pragnntism ol science is a method and a philosophy, but that 
moral codes depend upon ethical considerations that are, in part, of a diflcrent 
order from science. 

Now i[ some of the objcctitcs above arc written in our formula for be- 
havioral objectnes, they might look like this 

7. Ability lo u'orA coopetatnfly among other things, works without fric- 
tion with partner in the general science, chemistry, physics, or biologv laliora- 
tory, takes effective part in class lommictcc wort and contributes his share; 
helps build an cxliibit; does bis share in keeping the classroom clean; laics his 
turn in feeding classroom animals. 

0. Disposition to nlloti' oiferfeinaWe faclt lo speak louder than preju- 
dice; when he doesn’t knovc. states. "I don’t Inosv"; reacts to acts of racial 
bias by asking "What are the lactsr”. in his class discussions, tends to try to 
ascertain the facts; questions background of sources of statements which slinur 
prejudice; brings in newspaper articles which report acts of prejudice (where 
scientifte base can l>c aseeriaincd) for discussion in class. 

18. /lecognifion of umiersalily of cause and efiect relaliotiships: uses if- 
then relationship, questions explanations which involve animism, anihrojMS- 
morphism, or teleologv, or are umcsiable: when confrontcil by "superstition," 
looks for observable caiiscelTcci lelaiioiiship: in specific problem liiiiaiion 
(problem doing), searches for cause when ihc effect is given (eg., lightning: 
ihutuler, clouds, rain, germ, disease: vitamin deficiency; avitaminosis; hetnO' 
globin defect anemia, defective fuse: power failure: etc.). 

5*1. Try your own abilities by stating one or mote of the remaining •'objec- 
tives" as behavioral objermes. 

5-2. Inspect the objectives of a course of study you arc leaehing, or will leacli, 
and state them as behavioral objectives. 

Case 2 

The aims of a curriculum, or its objectives, may be stated in ways other 
than "behavioral objectives." although our own preference is clear. They may 
be stated not only as "needs’’ bui as "prohlenis of liv ing." One such statement 
fully developed is that upon which The Curriculum Framework for Ceorgm 
Schools, Atlanta, 1934, is based. 

Essentially, the major problems of living selected apply to all levels of 
the curriculum from kindergarten through adult etlueation. These are: 

Achieving anil maintaining physical and mental health 

hfaking a v ocaiinnal choice and earning a living 


les PAHESNS IN TtACHINO SCIENCf 



Performing the possibilities of citizenship 
Consening and utilizing resources 
Communicating information and ideas 
Expressing aesthetic salues 

Note that these might easily be called "deselopmental tasks." 

The teachers and curriculum consultants svho proceeded to develop each 
of diese problem areas programed some “Suggested Experiences based upon 
Objectives of Education and Growth Characteristics at Various Letels of 
Development." 

For instance, note in the sample that follou's on the problem area, "Con- 
seivmg and Utilizing Resources,” how the teachers developed differing activi- 
ties or “experiences” for various groups ranging from the kindergarten through 
the secondary school to adult education courses; we quote only the portions 
dealing with grades 7-12. While the particulars useful for Georgia may not be 
useful for Massachusetts, Texas, California, or Illinois, the approach is aj>- 
plicable anywhere to any subject. 

Conserving and utilizinc resources •• 

Lower secondary grades 7-S-9 

1. Developing and apphing plans lor preventing or controlling erosion on 
(lie school grounds or on community playgrounds and parks. 

2. Cooperating with local agencies in developing plans lor reforestation in 
the community, insect and rodent control, and stocking ponds and streams. 

3. Discussing protective agencies, such as the State Doard of Health, 
IVellare Hoard, local hospitals, and the procedures for securing help from these 
agencies. 

‘I. Making individual time and activity studies to see if ihe time and energies 
of eaciv are being used to best advantage. 

5. Visiting a cold storage plant and other industries to tee how man hat 
found better ways of conserving resources. 

6. Inviting leaders of local industries to discuss the various wavs in which 
our natural resources arc used, such as cotton and its by-products. 

Upper secondary grades 1011-12 

1. Planning and carrying out home and community projects in reforesta- 
tion. water control, soil building, or other activity dictated by need. 

2. Presening foods, visiting freexer lockers, canning plants and the like. 

3. Reading and discussing with people to find out how and why our gov* 
ernment controls the use of certain essential natural resources and how gov- 
ernment research ptojeco affect local comtnuiiitict. 

4. Surveying, cataloging, and using local human resources. 

5. Studying and discussing the way nun uses “social invention" to develop 
w-ays of improving his use of ail resources. 

6. Intcnicwing or writing persons connected with the Qiamber of Com- 
merce or other civic societies to find out how Uiey innucnce consumer chokes. 

7. Reading about and diKowng how the choice and use of foods is in- 
fluenced by tlie standards set up by health experii. 

“T/.e CurTtVx/um fr«fnn.<n* for SthoKli. Atlanu. ly.l. 
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effect 


consumer 


8 Siud)ing die deselopiaeni oC adsenising and its 

choice. ^ , 

9 Rcidin® and discussing la« which affect our natural resources. 

5-3, These objeciises arc stated in a form which readily allows them to be 
restated in the behatioral Torm we ha\c recommended. You may want to try 
doing this 

5-4. Or restate the "prohlem area” asabehaMoral objectisc lor the elementary- 

5-5. Or restate the “problem area" as a beliasioral objectise for the secondary 
school. 

5-6. Or state Problem \rea C (Citizenship) in terms of sescral beliasioral 
objcctises, say, three or four. 


Developing your own ob/ective$ 


In deseloping your ossn objcciiscs. you may find it desirable to CMatnine 
not only the studies of Kearney,** rrench.** and Stratemeyer,” but also the 
studies of a Committee of College and Unisersity Evaminen titled A Tax- 
onomy of Etiurntional ObircItxfS, Handbook I, CogntHt-e Domain.^' This 
study includes a classiftration svstem. brief definitions of the categories fn the 
system, and a lew- examples of the objectives ficlonging in each category. 

Use of the taxonomy, as stated by the authors, “can also help one gain a 
perspective on the emphases given to certain behaviors by a particular set 
of educational plans. Thu\ a teacher, in dassifvmg the goals of a teaching 
unit, nia> find that they all fall within the taxonomy category of recalling or 
remembering knowledge." A study of she taxonomy may give you a new view 
of the material you have been teaching and Us potentialities for helping stu- 
dents act like scientists. 

As voti approach the selection and statement of your own objectives, you 
may want to begin by gathering a library of curriculum studies. N’oie the 
d.tics of publication and the variations. Iietween the earlier and the more 
recent ones, of the form in which objectives are suted. Some interesting 
examples and discussions appear in various journals of education, eg. The 
Science Teacher and Science Education. Others are available, for a small 
charge, from state departments of education and front cities. The bibliog- 
raphies at the ends of Chapters 12 through 16 in Section HI list many inter- 
esting statements for the specific science courses: general science, biology, 
physics, chemistry, and physical science. Over the years the collection of such 
a library will be a major factor in the thoughtful consideration which will in 
turn result in improved science leaching in your school. 


1* N- C. Keanic), op. cit. 
isVV’. Frencli. op at. 

IV F B Siralcmejrr, op riJ 
11 Ed by Benjamia S Bloo 


LonftBiam, Gnen, N. Y., 1956 
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CHAPTER 6 


Patterns in teaching science: 

Winning the concept 


4 noff ot the beginning: Poor teaching lacis diher soundly conceised objec- 
ti\es or soundly conceived learning activities; the poorest 
teaching lacks both, the most cITective lacks ncitber. In 
our experience sound objectives cannot be extricated from 
the teaching process; the soundness ol the learning activity 
serves the objectives and derives from them. Our experience 
with beginning teachers and with the improvement of the 
leaching practices of experienced teachers indicates that, 
while their objectives are sound, their made({uate nodons 
of v^h3t an effective learning activity is often lie at the 
base of poor teadiing. Apparently it is not enough to have 
sound objectives. 

When one looks at learning and teaching, the two 
sides of the same coin, one recognizes that the intent of the 
good teacher is to help the student develop concepts. IVe 
shall propose that the most useful way of doing this is 
through the learning activity; the student himself goes 
through die process of forming concepts. Similarly we 
shall propose that the meat of science, its conlenl, is the 
concepts and conceptual schemes of science. 

Then concept formation Is the intent of science and 
the concepts foinic«i arc its content. Wlien this intent and 
this content arc fused in teaching (and, therefore, in learn- 
ing!, effective rduraiion in science is approached. 


The meoning of concept 

IMien a student calls sulfur a metal, when he identifies a circuit as in 
{urallcl when it is obviously in series, when he searches for the seeds of a 
fern plant, it is jiovvibJe lliat he has a fault} concept or cannot call the appro- 
priate concept to mind. 
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The test ol the understanding of a concept is appropriate behasior when 
faced with alternatises, in short, proper mterpreiatton. For instance, under- 
standing of the appropriate concept enables one to choose the proper alter- 
native 

Is sulfur a metal or a nonmetal? 

Does a tern plant produce a seed or a spore? 

Are these connections tn parallel or in series? 

These alternative choices relate to subject matter, it is true, but the ideas 
expressed relate to other, possibly more important, clioices: 

Shall I neglect the growth on my skin or go to the doctor? (Depends on an 
understanding of the concept of normal and abnormal growth of cells.) 

Shall I store this inflammable material near the kitchen stove or in a 
more secluded place away from sparks and flames? (Depends on an under- 
standing of the concept of burning ) 

Every action is based on a choice, an interpretation (except possibly re- 
flex action). Actions depend generally on an understanding of concepts, ap 
propriately applied. 

Concept as pattern. Vou and I do not attend to eserything. We tend to 
ignore the insignificant, we concentrate on what is significant lo us, or we 
disregard what we do not see as fitting our purposes. We tend to see the scene 
before us as a whole, in terms of relationships, that is, in a pattern As teachers, 
we see a classroom in activity, wuh students participating in all ways: we may 
not notice the single child who is very shy, quiet, not participating A 
psychiatrist would probably apprehend the situation a bit differently; he 
might actually "see" the shy child to the relative exclusion of the rest. A 
spectator watching a baseball game sees Williams or Mantle hit a home run; 
the coach of the scored against team sees his pitcher's weakness; the happy 
baiter sees his home run total or the disappearance of his slump; the experi 
enced observer sees that the so-called Williams or Mantle shift was not effec- 

\Ve organize the scene we are svatdiing. and try to see it as a pattern. Our 
thought processes seem to call up the simplest pattern describing the scene. 
This simplest pattern which helps us to order the events around us is a 
concept. A concept is a reduction, in a sense, of events to a recognizable 
configuration 

For instance, HCl, HNO„ CHjCOOH. HjPO, are acids, and KOH, 
Ba(OU)2. and Al(OH)} arc alkaline substances We recognize the configura- 
tions; we have reduced the pattern of ionizable hydrogen (H+) to the simplest 
pattern (for purposes of efeinentaty chemutry). the concept of acid substances. 
Similarly, OH- has been patterned in the concept of basic substance. Now 
this is not the entire concept, but it is a configuration which helps students 
see a number of facts in a single pattern. By the same token, we can recognize 
that a concept has been learned, or is operating, by the appropriate response 


110 PAnttNS IN TEACHING SCIENCE 



made to choices (problems) insoUing the concept. Thus, do we use blue or 
red litmus paper in testing for an acid? a base? 

It scould be well al this point to note the difference betsveen a concept and 
a conceptual scheme: A conceptual scheme is a relationship between a num- 
ber of concepts. 

We have a concept when we recogniie the common elements in a situa- 
tion or group of situations (e.g., when we note the MA in a set of different 
simple machines). Note, ho\\e>-er. that we not only recognize and identify 
the common element, we also ignore the many details in which the situations 

differ. Thus for the concept of adds sve ignored the other ions (POj , 

NO3-, CHsCOO-). 

The two faces of a concept. A concept helps u$ discriminate, or classify. 
Thus a goose, a grass frog, a rabbit, a mosquito, a banana plant are classified 
because ue hate the concepts of bird, amphibian, mammal, insect, and plant. 
We have concepts of pulley, lesei, and indined plane, and can classify simple 
machines accordingly. Concepts then help us discriminate, or classify, or 
analyze. 

The possession of concepts helps us to associate or combine, as well. Thus 
the goose, frog, and rabbit are also seriebnites; the inclined plane, pulley, and 
lexer are also simple machines. We evpeci a goose to hate feathers and a warm 
body, and to lay eggs: these are associated in the concept “bird.” Concepts, 
therefore, help us combine, or associate, or synthesize also. 

Thus a concept is neser a single thing: it helps us achieve meaning 
through discrimination or association. Was it not Einstein who defined science 
as experience in search of meaning? May we not define science as activity in 
search of concepts? Concept seeking, together with its end, concept formation, 
becomes a legitimate, indeed the central, objecthe of the sdence teacher. 


Concept formation in science 

Wicn students of biology first grasp the significance of the concept of 
“organism,” they see it as an organization of protoplasm with a structure 
sorting its specific functions. TTiey see multicellular organisms as being built 
up of organs; the organs, of tissues: and each tissue, of cells with a simitar 
function. Similarly, if we accept science as consisting of a scries of conceptual 
schemes which help us understand the physical world, then conceptual schemes 
are made up of concepts: concepts. 0/ a series of related elements or facts; and 
facts, of the data which result from obsertaiion. 

A conceptiiaf telieme (such as evolution) insohes many concepu (e.g.. 
mutation, tariation. sedimentation, geographint! barriers). 

A ronrept includes similar elements, related facts (e.g., the concept of 
mutation lor any specific case includes the related facts of specific gene 
changes, a related gene, and etidcncc of a cliangc of that gene into another; 
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thus the gene for red e>e in Drosophila changed into the gene for white eye). 

A fact is based on many obsm'auons (e.g., Morgan and his coworkers 
observed a number of mutations). 

A major objective of science teaching is to help students understand the 
major conceptual schemes which scientists have developed. Curriculum plan- 
ning (Section 111) and lesson planning (this section, Section II) are simplified 
vchen teachers consciously undertake to develop a course of study around the 
major conceptual schemes ol the area being considered, and to develop their 
daily work around the concepu underlying these conceptual schemes. The 
laboratory and the classroom then become places for discovery, for discrim- 
inating and associating data into (acts, facts into concepts, and concepts into 
conceptual scliemcs. For concepts have meaning when they are applied in 
discrimination or association. 

For instance, the conceptual scheme, "matter is composed of atoms,” can- 
not be derived solely from experience. The concepts built by experience alone 
m this case may not be entirely correct. A block of wood looks and acts as if 
it is solid. In the laboratory, however, destructive distillation shows that it is 
made up of parts, molecules. At least one type of these molecules, water, may 
be split cleciroljtically, into oxygen and hydrogen. Thus in the classroom and 
the laboratory experienre is bolstered by deliberate experiment, and the factual 
data can be built up step bv step into conceptual schemes, (A conceptual scheme 
IV about the same thing as a "broad principle," or a “generalization": for us, 
however, the term conceptual scheme has more meaning.) 

Conceptual schemes then are the chief forms of knowledge that science 
teachers seek to make pan of the imellectual equipment of their students. 
I he knowledge gained in understanding such «heroes, arbitrary as the area 
encompassed by any such scheme may be, is iransferrable; it may be applied to 
many situations. Note, for imiance. what the understanding of the periodic 
nature of tlie elements (a conceptual scheme) confen upon a student in chem- 
istry. the combination of metallic and nonmetallic elements, valence, relative 
activity of various elements, etc. (concepts). 

It IS almost obvious that individuab could not discover for themselves all 
the conceptual schemes already known, and probably not even all they need 
for daily living in our society. Hence the need for teaching and teachers to 
recreate efficiently in the young the heritage of the past-both the attained 
conceptual schemes and the means of attaining them and others of the future. 


Concepf formafion, problem seeking, and problem solving 

The teacher of science is often the only science expert in his school com- 
munity: he is the one who imerpreu the way of the scientist lo his community. 
We propose to develop in this section the idea that his pattern of teaching needs 
to be in the mode of science. That is. his course of study, his unit plan, and 
his daily lesson plan arc aimed at the central purpose of the scientist: concept 
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[ormalion to ser\e the formation of a conceploat sclieme which helps us undei 
stand the world in which sve Ihe. 

Now concept forming includes many teaching actit ities. There is drill, for 
instance, to develop stilh such as smting chemical equations or solving prob- 
lems of genetics or sohing problems of mechanical adsantage. There is review 
actitity of large concepts as they are applied (new \iesv, rather than review). 
There is the field trip activity, the film activity, the skill activity in the labora- 
tory. and so forth. 

Nevertheless, it is our proposition that even simple skill-directed activities 
are best harnessed in the activity of learning when they have a concept-forming 
function; the very nalvire of learning, as we understand it at present, consists 
of problem-solving activities leading to concept formation. And furthermore 
the teacher's major function is to use all that is known at present about learn- 
ing. and to apply it so successfully that young people leant to identify problems 
and solve them in order to form concepts. These concepts are to be so im- 
portant, so functional, that their understanding and application leads young 
people to live more cllecthely. 

The kinds of problems a teacher helps his students identify are coincident 
with that teacher's obieclwfs. The vvay these problems are solved in the class- 
room IS identified with his methods. .And the kinds ol concepts formed, their 
scope, and their sequence are identified with the teacher's curriculum. It is for 
these reasons that we propose that a modem approach to science teaching must 
not consider problem solving alone, but must in the light of learning theory 
consider also pro6f«Tn seeking and concept (ormation. 

If oitr proposition is sound, as it seems to be on the basis of the learning 
theory to be disaisscd shortly, then a teacher's objectives will determine the 
kinds of proVvlems he will help his students identify. It be sm physics as a 
discipline based extensively on maihemaiics. he may conceive the problems in 
terms of quantification only. At once he excludes the science shy (slow learner) 
from his class; he may even jjerruit himself the luxury of reasoning that his 
course is college preparatory. He falls into this error, it seems to us. by a curious 
reversal of logic: he excludes non-collegc-sleslincvl students by the nature of his 
objecihcs; now all his students arc lollcge-slcsiincd. Quod erot demonstrandum: 
his course prepares students for college, and he has evidence of his achievement 
in that his students do go to college vviih some success. 

On the other hand, a science teacher vsho rccognircs that most of his stu- 
dents. no matter what their future plans, will indeed handle physical apparatus, 
such as toasters, blenders, s-acinini cleaners, radios. TA’ sets, automobiles, may 
alter his objectives to inrhule the kinds ot problems these young people v\'ill 
meet at home. Since high I.Q., science pronencss, and a knov» ledge of mathe- 
matics arc not revjuired qualificaiions for marriage or citi/cnshij>, a high 
degree of quantirication and maibeniaiics in physics may not serve these stu- 
dents. licnee the neetl for dilTcreni Linds of problems for such students, and in 
consequence a dilferent degree of rxpecraiion in rnuhs. For instance, vshilc 
some vtudenti in the physics class might solve tomplicaied cimiits using Ohm's 
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law. it might be sufficient for others to realiie that o\etlo3ding a circuit has 
Its penalties as described by this principle. 

N’esertheless, whateter the objccmes and whatever the curriculum, neither 
can be divorced from method. Talk, and it has been considerable, of whether 
a teacher needs more of method or more of content in order to be at his best 
Ignores our central thesis: problem seeking, problem solving, and concept 
forming are inextricable. Concepts arc formed through the solv ing of problems: 
what concepts ate formed depends on what concepts are sought. This in turn 
depends on what probieros are sought out or identified, and in turn the con- 
cepts formed furnish the tnalrix, the base upon which further problems are 
sought. As vsc have indicated, the tendency of the scientist to seek problems 
(really concept seeking) has often been called “curiosity.” 


Learning theory in relation to concept formation 

What does a child do w-hen he faces a new, ambiguous situation, that is, 
a problem' How does he make the new situation part of his experience so that 
he will be able to cope with it the next time' How does he go about solving 
the problem so that he forms the necessary concepts^ 

Many studies in the psychology of learning have Contributed to our under- 
standing of these things. Cronbach' has summarired these with considerable 
insight. Applied to the meihotls which are oiir center of interest, the teaching 
of science, these studies mav help us develop a scheme to illuminate the way of 
the teacher in the science classroom. 

First ol all, let us agree that learning is shown by a change in behavior, 
a new kind of response to a situation. Furthermore, if a change in behavior 
occurs, It is a result of some experience. Experiences which result in a change 
in behavior (learning) properly belong wherever teaching takes place; one of 
these places is the classroom. 

To test learning, the teacher determines whether a given response occurs 
consistently in a given situation. The student learns, therefore, through re- 
sponding to situations, as each situation is met, a response is tried, and the 
consequence of the response is evaluatecL Every response then is a learning 
activ icy, since it teaches the learner whetlicr his response produced the desired 
result or not. 

Goals of the learner. Each learner has goals he w-ants to attain. These 
goals may be some object, a response from another person, or an interna! feel- 
ing: they may be immediate, disUnt. or somewhere in between. A respectable 
grade, approval of parents and friends, the satisfaction of doing well, entrance 
in college— all are goals Coals direct the energies of learning. " 

Readiness of the learner. A student's readiness consists of all the responses 
(knowledges, skills, attitudes), all the applications of his available concepts, 

45^6^ Pnthi^ogy. Harrouit. Brate. N. Y., 1954 S«e especially 
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which he brings lo a gisen task. Clearly this depends on his previous learning, 
his inherited capacity, and his maturity (physical, emotional, and mental). A 
student's readiness, briefly, indicates what he is ready for and what his limits 
are. High school teachers sometimes underestimate the readiness of students 
through undervaluing elementary and junior high school instruction. Or they 
may overestimate the amount of content recalled from previous learning. Be 
that as It may, students do come lo high school with a certain amount of readi- 
ness; they have applied a good numbCT of concepts in many areas (see Chapter 
11, Science in the Elementary School, and Chapter 15, The Course in General 
Science). 

The effective teacher determines by some form of pretesting the kinds of 
concepts his students have; in so doing he is partly detennining their readiness. 
The more mature (ready) a person is, that is, the greater his understanding 
of the way the world works (a function of his concepts), the more likely he is 
to direct his cffoiis toward distant goaU- 

The situation. This consists of all that the learner can observe: people, 
objects, reactions, and symbols. The teacher’s skill is shown in the way he sets 
up learning situations and the way he takes advantage of those which “just 
happen." Experience in one situation is a template for helping the learner 
respond effecUvely in similar ones. Effective science teaching consists in having 
experiences in search of meaning. Thus, since goals direct effort and readiness 
invites choice of goals, the learning situation should be set up to help the 
learner reach his goal. 

For instance, having students learn how an automobile engine works with 
the engine before them is effective, but it is even more effective if the class 
recognizes the need to understand the engine because each student wants to 
drive a car (goal). It becomes still more effective when students plan the activi- 
ties they want to undertake before they' study the engine. In this way students 
assess their own readiness, bring to consciousness recalled knowledge and con- 
cepts, and define more dearly thdr individual goals. 

Compare this v^i[h a teaching patient in vvhich the teadicr proceeds from 
a vUagnim of an inictnal-convhustion engine, demands a vinitonn lev el of under- 
standing despite a wide variation in readiness, and does not make the reason 
for the study significant to the students. It is not surprising that the diagram 
and its labels are soon foigottcn. and the real engine, problems of gasoline 
combustion and all, has to be learned anew, and for the first time truly, with 
the first engine failure. 

Inlerpretot'ion. Imcrpictalion is a key process in concept formation. In 
interpreting, the Ic.irncr selects; he directs atiention to ihe siguificaevt. parts of 
the situation, he relates to other experiences, lie predicts the consequences of 
his responses. 

A student confronted vvith the problem of determining whether the solu- 
tion before him contains NaBr or NaNOj may apply his knowledge of the 
AgNOj lest for chlorides. He might, on the basis of his previous learning, 
interpret the situation as follows: 


WINNING THf COHCtrr IIS 



1. SiUer, from siKer rutrate, produces a precipitate with chlorides. 

2. A chloride is a halogen. 

3 A bromide is a halogen. 

4 Since halogens beha\e similarly, it is reasonable to expect that AgNOj 
will produce a precipitate with a bromide. 

5. He adds AgNOj and a precipiiaie farms. 

Please note that the concepts in his mcnul equipment (halogens as a family, 
precipitation as a test, the chloride lest) help him in further concept forma- 
tion (a tentaiiie test Cor a bromide) Note too tliat the cnitcepu in liis possession 
enable him to identify a problem to seek it out That is, if lie had not mastered, 
to a certain extent, the prior concept, he could not conceivably have asked 
himself, “Will AgNOj precipitate a bromide'" Thus readiness helped direct 
his choice of the problem sought. In short, a concept is formed out of first seek- 
ing, then solving, problems. (Might not the latter be called concept seeking?) 

Response. According to Cronbach* a response may be either "an ac- 
tion or some internal change that prepares the person for action." By this 
definition Cronbach includes as responses observable motcmenlt. spoken re- 
marks, increases in internal tensions, and elianges in physiology hidden from 
the obsert er. Prov isional responses, or trial and error responses arc made when 
the learner is not sure of his interpretation. 

Censequeneo. In any event, ilierc is cither confirmation or contradiction 
of the interpretation. When the inierpreiaiion is confirmed, the learner is 
pleased and will in a similar situation repeat what he has learned', he will 
hate added a new response to his repertoire. When, however, the prediction 
fails, the learner is '‘thwarted"* and may react in various vvays. He may try 
different responses: the trial and error type or the type based on reason, an 
attempt to reinterpret the situation. Or he may give up, or act in a v\ay which 
might be labeled misconduct (by changing his goals to those he believes he tan 
attain, t e.. if not to be the best student, then at least the noisiest). 

The elements of learning wc have been discussing have clean-cut relevance 
to the way of the scientist (Section I). We have said that the central goal of the 
scientist is to develop the concepts which help him explain the world of experi- 
ence. Each situation before him is interpreted in the light of the conceptual 
scheme he has previously developed. A phenomenon which does not fit the 
interpretation rarely completely thwarU the scientist. His adaptive behatior 
is to restate the situation as a problem, to define it clearly; he responds to this 
problem by designing a scries of observations or experiments which will help 
him gradually reinterpret or modify the conceptual scheme. Those who behave 
this way bring to their problems a great deal of training, conditioning, self- 
discipline— readiness. 

In terms then of the ways of the scientist (not the science student), problem 

2 op at., p 50 

3 Cronbach, op. ai. (ThHariing is made a sqiaraie category ) 
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solving is in a real sense concept seeLing, done within the framework of a prior 
conceptual scheme. "When considering prohlem solving schema it is an error 
to begin with the problem, for problem soUing does not occur de novo. The 
scientist is not a newborn child; neither is the student. Problem solving to the 
scientist begins uith a concept, and continues with that concept being applied 
to a new situation. A problem arises when that concept, expected to be ap- 
plicable, is not applicable. 

Now for the science student this is someuliat, but not wholly, different. 
It is at this point that science "problems" are significant, rote, or clearly 
[rauduleni. Suppose the teacher docs set up a problem; Herw is pure oxygen 
generally prepared' Suppose the student is already in possession of the con- 
cept. Is he still forced to go through with the procedure? Is he forced into 
nonproductise bchasior, mere busywork? 

Hence r\e submit that the pioWem-soWing approach, if melded with svhat 
we knots' of the learning process, would be modified as follou's: 

1. A situation occurs. This may be planned by the teadier (ishat is this 
chemical solution?) or be an incident (what is Uie cause of this hailstorm?). 

2. The readiness ol the class is determined. W»at concepts do the students 
have? How varied is the readiness within the class? How closely is the situation 
identified with the experience of the students and their goals? This may be 
determined through discussion, tlirough questions that require concepts to be 
used in making predictions. 

3. The inadequacy of some of these predictions, which do not agree with 
the phenomena, then becomes the initial problem. Others may arise later. 

4. 7‘he solutions to these problems are then sought through observing 
and experimenting. 

5. The solutions lead to new interpretations, to new’ concepts, to the state- 
mcni of new problems, to the solution of the nesv problems, and again to new 
concepts. 

fi. On the basis of these concepts new reading, new observing, new experi* 
menting is done. This leads to further concepu, to further problem seeking, to 
further problem soli ing, and to new concept formation. 

W’c submit then that the approach of the high school science teacher to 
consiructise science teaching begins with studenis, who have various concepts 
in sariotis stages of formation. However formed, correct or crroncoui, the con- 
cepts exist or do not exist; at least the base for them exists if only because the 
siudciits have liieil before they enter the class, llic facts arc that they Iiaie 
also had sjiccific science experience. The science teacher then proceeds some- 
what as follows: 

1. He has students who jxwscss concepts about the way the world v\orLs. 

2. His goal 1 $ to help Ids students understand better and with greater 
seUaviurance how the world works. 

3. He sets up learning situations in which his students’ readiness ii tesieil. 

■1. If the concepts his students possess are not sufficient to interpret the 
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situation properly through torrect res|)onses, the class seeks to set up problems 
which will help them get the concepu bv which tliey can respond correctly. 

5. A correct response butUh up, reaffiims the concept. 

6. The teacher then deselops new learning situations to build further 
concepts tossatd a conceptual scheme, through appropriate problem seeking 
and sohing. 

Problem sohing is not then at the cc-nter of the method of the science 
teacher, concept forming is Problem sohing is a way of getting at concepts: 
It IS the act of seeking them 


Eurekas— big and little 


This section, and this tale, arc not entirely flights of fancy. We include 
them because wc heliese dies will hasc s'alue in the way teachers can help 
youngsters learn, this u the function of a test on methods. 

Perhaps the ston of \rchimcdes arising from his bathtub shouting 
“Eurekal" is a flight oi fanev Out if he did not get his prinripic, his concept, 
in a. "Eish of insight. sttteK many others did. 

Wc hate all had the e.\pcncnce of getting an idea at odd moments— in the 
bathtub, taking a tsalk, shating. reading. Suddenly there it is' Flash! Eurekal 
The concept which has been forming is attained. We shall denote by the word 
"Eureka" the Cash of concept auainmeut. of dtsetnery. 

Of course, the cerebrum has been "mulling'' oter all the information fed 
to It by the information gathering dctices of the human body: the cter-present 
stimuli to eyes, ean, nose, tactile senses, information from reading, from listen* 
mg to others, from the questions askctl in sequence, either by oneself or by 
others "Thought,'' whatever it may be. may also be an unconscious process, 
going on without our “knowledge." Suddenly the ihought processes, or the 
insights, or the responses to stimuli or questions ''mesh," and— Eurekal 

It’e are ashamed of the words we have used, meaningless words like ''mesh'' 
and "thought” and "knonleilge,'' because Uiese processes remain without cv- 
planations which satisfy us. Hence the Eureka, to label the sudden, intensive, 
unconsciously evoked flash of insight. 

Young people, too, have Etirekas: in a program designed for the science 
prone we have noted this again and again.* 


One cannot work long with these youngsters [who do projects on their ownj 
without wondering how they get their unusual ideas One wonders whether 
they have a different way of ihmling than otliers. Of one impression the writer 
IS certain, these youn^lers get a joy (one tailed it a "thriH of the brain") when 
they get an "idea" or make an ''oiiginal discovery” [allain a concept], . . . These 
youngsters gne the impression that they enjoy iliinking. Tlieir "Eurcl-a" lights iijv 
their faces and seems to give them great sausfaclion 


* P. F. Brandwem. The Giftfd Student At Futurt Scientist, Harcoutt. 
pp. 53.6O (see also Chapter 9, The Sden« ProDe), 


Y,. 1935, 
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But u there any s)~stematic approach that these youngsters hase to a solu 
lion of then "imeUectual" problems? How do they go about discovering “new" 
relationships [attaining concepts], doing what srould ordinarily be called “div 

. It appears that when these youngsters first become interested in any 
problem area, there is just random Eiiploration. In this period of Explorauon 
there is no focus, just a mental meanderiitg. Then as part of this period of 
Exploration there seems to be a period of Clarification. This seems to be a 
period of focus when youngsters narrow down to a special activity, project, or 
problem. 

Once this Clarification occurs, it seems as if the youngsters begin a period 
of Preparation. Thev read, they esplote ^e<htt^ues, they discuss problems with 
their advisers, they draw on previous experience. They work consaousl), it ap- 
pears, to solve the problem. 

But here is the nub of iL Rarely do they appear to gel the "new idea.” the 
“solution." the "approach to the solution" vvhile they arc coniciously at vvorfc on 
the prohlertv. Almost uniformls they seem to admit getting tlie idea in a "flash." 
a "flash of invight" [a Eureka}, if you wiIL They get this flash while they are 
engaged in another activitv, eg. reading liieratuic. listening to music, or walk- 
ing— mainly vsalting— and vthen thev are not thinking, or rather not conscious of 
thinking of the problem per se This "flash" is what Wallas * calls Illumination. 
\VaI\as and Pomcart - . put forth the notion that a period of Incwhalion is 
necessarv before this "flash" or lllamwation. So. too. it seems to us. 

During Ineubaiioit, the cerebrum seems to lake over, seems to feed back 
the problem to luclf as in a computer. Of all this the student seems not to be 
consciouv Then the ' flash "... Then the solution of the problem, the ap* 
proacli, the nevs road, is laid bare. 

Tlien die youngster can barely vvait to get to vv-ork. to embark on a period 
of f'enfieation Reading, experiment, planning, discussion, are borne lightly, 
for the "way" seems to be dear. The youngster often says, "Now 1 knots' where 
I’m going" 

These stages-Exploration. Oarificaiion, Preparation. Incubation (uncon- 
scious). Illumination, and \>rifiation-seem to be the vague yet perceptible 
stages through which these youngsten wort.* The Incubation pcriotl, with its 
sub>e(]umt llluniination. seems to be especially charaaerisiic. Is it diflereni for 
sdentisu than for others' Is it charaaeristic of all thinking’ It there anything 
to it at all/ Docs this seem profitable lor further investigation? 

• Craham >ValUs. The Art of Thought, lijrcourt. Bratc. X. Y, I9D6. {Drandu ein’t n ) 

I he |>aiiu is that concept attainment {xrrliaps is not as often as vse think the 
result of 3 conscious stcpby-sicp process in whicii the concept yields to irre- 
sistible logic and investigation. Wc arc inclined to the vievv (increasingly sub- 
stantiated) that conccjiis arc attained, more Itkely than not, as Eurckas.* 
lUnte our distaste for the term "problem solving" as used to describe logical, 
stci>by.step pioblcm doing. For more often tlan not, problem solving, as char- 

* S<e kail PutkVcc. On PisMcm SaSvi*ig. Psvdvotojvcat Monographs. Vot 5^ Xo- 2^9, 
1915. for manv caves that follow this paftnii. 

* The rraiirf will find ihr*c two tmoLs of inctnwng value in tJrscIoping hU ovan uiea* 
of ttmirpi aiuinmcnt 

J S. Rixincr, J I. Coixlnow. amj G A Auuiiu f Slarf* of Thiniiig, WiW. .V. V_ J958, 
C. Uumphrev. TAiH.nj, Uiln, N. A.. 1931 
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aaenstic of the scientist, is charactcnzed b> the Eureka. It is a flash, an act of 
creation. It is then, in science, subject to verification. 

As Bertrand Russell lerore- ’ “Reason b a harmonizing, controlling force 
rather than a creative one. Even in the most purclv logical realm, it w insight 
that first ami’es at tchat ir new." Or. in our frame, the concept flashes into 
consaousness and then one may proceed to problem solv ing (or problem doing, 
as the case may be). tt> ore forcrd then in this section to sheer hypothesis, 
not yet i-erified but, u-e beltei'e, emineniJy worthy of mrwlign/i’on. Concept 
attainment cannot be controlled bv the teacher, but die environment for con- 
cept attainment can be controlled (see Chapter 7, Winning Participation). 

By this vve mean that the teacher can so ordain his classroom (the climate 
of the classroom. Section Ii. the opportunities students vrill have (the pattern 
of classes. Chapter 3). and his manner (managing the class. Chapter 4) that 
students vvill have the material VMth which to form concepts and the desire to 
do so. But the concept i$ attained in a flash: the organism. Minerva-like, is full- 
formed. How It was put together remains to be discovered. 

How- oiien has a teacher labored vainly to plan a lesson in which the major 
idea comes in logical development at the end of the lesson? How often does 
this meticulously logical teacher (using lecture-demonstration) find a student 
who "has'' the concept, who raises his hand frantically? How- often has the 
lecturer bude up hn argument step by step only to find a flash of recognition 
on a student's fate long before he has nailed his concept to die board? Concept 
formation can be planned tor, through questions, problems, and experiences, 
but in our experience the moment of concept attainment cannot be controlled. 

Of course, tliere are big Eurekas (Eurekas) and little Eurekas (eurekas). 
Vchimedes had a tremendous Eureka: the boy who finds by himself that 
2X2 and 2 -f 2 yield the same result has a little eureka, but a large-sired sads- 
faction. .And hitle eurekas added one to the other patiently may even lead to 
a Eureka. 


Lesson pfonnirg for concepf formolion 

'Ve might hav e headed this section "Planning for Concept Formation" or 
simply “Lesson Planning"; for teachers aim to involve their students in reflec- 
tive thinking, leading to concept formadon. Therefore, their major care when 
they drill or review or assign is to fix the concepts attained. 

A\hi!e the moment of the Eureka cannot be controlled, the pre-Eureka 
period (laying the groundwork) and the post Eureka period (applying the 
Eureka) can be controlled. And the Eureka can be made up of eurekas: c g : 

Lessen 1. A teacher desires to develop the concept of mechanical advan- 
tage (the simple machine). One day when the class meets, the students notice 

t.Vfjjlifum and Logic, Anchor Boots. DovUeday, N. 1957, p, 12. 


PATHtNS IN TEACHING SCIENCE 



a large cement block with a big eyelet at the top. Student after student tries to 
lift it to the tsvo-foot height requested by the teacher without even budging it, 
until someone suggests a block and tackle (eureka). The block and tackle is set 
up: the block is lifted. How does it work? (assignment). 

lesson 2. Students read overnight and come into the laboratory to do 
various exercises (drill) with small pullejs. They test the notion of mechanical 
advantage (post-eureka). 

lesson 3. Next day they come into class; there is the big block again. 
The students are requested to lift the block again to a height of two feet; 
but this lime no block and tackle is available. A student suggests a plank 
leaning on a chair, in other words, an inclined plane (eureka). This works. 
The teacher asks for similarities between the two machines. Possibly the law 
of machines is developed (Eureka). Or perhaps some subsidiary concept A is 
followed by another concept B, until the law of machines is formulated (eureka 
A + eureka B » Eureka). 

Note that in this case three lessons were planned together to develop the 
concept sought. Concept formation usually does not occur in one lesson. Notice 
that one of the lessons (2) vvas mundane in that it was drill and more drill, 
getting farmliar with the concept in one context, then extending it to a "new" 
setting. 

On the other hand, a Eureka may be developed in one lesson. To illustrate: 

A lessen. The class meets to find the teacher facing a two-foot slat of wood, 
with a small piece projecting over the edge of the desk. If he were to hit this 
projecting end with a hammer, the slat would fly out into the class. He asks 
the class how he can instead break it oil. A student suggests that he place a 
weight on the body of the stick. Good. The teacher asks one of the bigger boys 
to stand on the desk on the bo<iy of the slat and proceeds to raise the hammer 
preparatory to striking the projecting bit. He then looks up at the boy and 
says, “I don't think you’re heavy enough.’' 

(I'his is a continued prc-Eurcka situation: dramatization, suspense, puzzle- 
ment. Surely the boy was heavy cnoughi) 

The teacher then obtains ivso sheets of a large newspaper and places them 
over the body of the slat. •'Now," he says, "I have a heavy enough v\eight.’’ 

Suddenly (Eureka) a student raises his hand. “1 knowl There arc M.7 
pounds of air per square inch pressing on the paper. That’s very heavy.” (He 
calculates the weight.) Another student raises his hand. "No,” he says, "it's 
inertia." The students go home to read, to verify— some in post-Eureka (re- 
view), some in prc-Eurcka (prior to understanding the concept).* 

In short, the most skillful teachers we have observed plan assiduously a 
line of experience, experiments, demonstrations, questions which are pre- 

■This (cacticr ne'er brrati ihe in clao lie Ireli, and ste agree, dial suidcnit 

sUtAiW be peinimed Vo ftniih snme vhinp lbem<«l\e». « l,oiue. In Ihw way. ve believe, vliey 
icliih dicir I urelas rnore than ever. 
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Eureka in nature. Their aim is to let the students experience the Eureka. Their 
assignments then are post Eureka, to extend, develop, and apply the concept 
Eureka born. In the next chapter svhen we speak of the special task of planning 
lessons in science, tee shall deal with special methods useful in involving every 
student in concept formation, whether it be eureka or Eureka. 

Now the reader may reject the notion of the eureka and Eureka as not 
useful to him. This is proper Pedagogy is not yet a science. But we believe that 
It is a useful concept to have as an aid in lesson planning, if the lesson has as 
Its aim concept formation. \Ve believe that this is indeed the aim of science 
teaching.* 


A pattern for selecting learning situations 

The central activity then of the science teacher, in his attempts to help 
children grow by developing concepts toward a satisfying interpretation of the 
real world, is to choose concepts on whidi to base learning situations. These 
in turn lead children to seek out problems and to sohe them. 

Productive science teaching depends on Uve choice of areas of human ac- 
tivity in vihich science has a p.itt to play. The areas of human activity (atomic 
energy, reproduciion, heating, etc.) furnish the area for concept-forming ac- 
tivity Tins depends on development of appropriate learning situations, which 
ore a base for problem seeking activity. This leads to the identification of 
problems, planning of nevv situations, problem-solving activity, and concept 
formation And the cycle is repeated. 

Which areas of human behavior a teacher or a school selects depends on 
the teacher, the communiiy, the student population, and the administrator 
of the school. In largest part it depends on the teacher and his training. 
Margaret Mead observed that a teacher expresses in his teaching {that is. in 
his choice of the vsays the children in his class attain concepts) his own style 
of life. Although difficult to verify experimentally, this observation may help 
us fathom the friction which is evident in the relations of those who seek 
their inspiration primarily from subject matter and those who seek theirs 
from the problems of growing boys and girb (the areas of human behavior 
v\hich draw upon concepts). There seems to be all the difference in the world 
betvseen teaching the concepU of science as ends in themselves, and leaching 
them to help solve the problems of growing children. 

In the subsequent chapters of ihe section, we shall undertake to look into 
the conditions of science teaching which will enable the science teacher to 
develop a pattern of teaching in which concept formation becomes an integral 
part of his style of life, 

sBniner. Coodnaw, and .^unm. op ar.mdicaw thal Iheir studies of thmkin? lead them 
to diMde thinkers (in the aa of concept auainmeDt) into "nholists" and "partists " VVholists 
teem to get the whole concept in a (roiDendoui scannin" process (Eureka) • p.itlistt break 
up the process (eureka + eureka + eureka - Eurekay. 

10 Margaret Mead. The School in ^menren Cuhure. Harvard U. Press. Cambridge, 1951. 
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A short excursion 

info planning 

for concept formation 

6-1. A\Tiat is ^our major pattern of teaching? Or, if you are not yet teaching, 
what pattern do you thin! you will follow? 

(a) Lecture (svith demonstrations, perhaps) 

(b) Discussion 

(c) Laboratory 

(d) All three, where most useful 

WTiich of the first three lends itself best to concept attainment by the student? 
6-2. ^Ve have suggested the patterns: 

eureka a + eureVa b -y eureka c -* Eureka 
Eureka -* eureka a + eureka b + eureka c 

Do these seem to follotv the ir\o main branches of logic? ^\^lich one exemplifies 
the inductive approach? The deductive? 

6-3. One of the most effective ways of helping youngsters develop skill 
in concept attainment is to make an opportunity available to them to do ex- 
periments on their own. Vou will find a treatment of this aspect of work 
throughout this book, particularly in Chapter 9, The Science Prone, and in 
Section V, Tools for the Science Teacher: The Project. 

6-4. These vvill also be of exceeding use to you in developing your own 
approach to concept attainment: 

Deveridge, W. I. B , The Art of Scienlifie Invesligalion. London: Heinemann. 193S. 
Bridgman. P. IV., The Logie of Modern Physict. N. Y.: Macmillan, 1927. 

Wertheimer, M.. Productive Thinking. K. Y.: Harper. 1915 

Wightman, W. P. D., Crou’th of Scienti^e Ideas, New Haven: Yale U. Press, 1951. 
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CHAPTER 7 


Patterns in teaching science: 

Winning participation 


A note at the beginning: The suTgfon lia* hi» bniic skill. The teacher has his. 

Tlic snrgnm metis lo base the skills necessary for success 
in ilie o|>eratmg room; rtie icactier nceit' to ha\c itie skills 
ncccssar) lor snteess in the classroom. The surgeon sho\s-s 
his skill in the “o|>cration”. the teacher shosss his skill in 
the "lesson." Iloss man) of Ins simlcnu, ta|)tisc in his class, 
can he InsoUe in concept fonnation) 

'llic lesson IS not mcrels an exercise in appliwl j»s)cliol* 
Ojj\. Ii IS people, teacher and stinient, icorking lagether 
toisnrtl a comnion goal in stnsUise action reaction, in con- 
cept forming tVe urge the leadir not lo read this chapter 
isichont hasiiig read the pietcding one on concept forma- 
lion, these t)]x-s of lessons are also discussed. Here Ssc dis. 
cuss the science lesson as a skilled "ojseraiion"; ne dissect, 
as it sscre. the teacher's procedure. 

For the teacher is kiiossn by the lessons he giscs. 

The purpose of tihnt foUorvs: It will l»ecas\ to imsimdetstaiid Sshal follosss in 
this clwjster unless ssc slate our purjsose rlearij. \Vc cannot 
know ssJui position oiir readers, the leathers who will use 
ilmlsook, will sake in regarsl to their own teaching method; 
we cannot know- precisely what pattern they will follow in 
the classroom— Mr. A.’s. Mr. M.’s, .Mr. P.’s-or wh.it element 
of c.uh they will select and combine with their own sva)s so 
that their approach is an indisisliial insention. 

M'e do lnow% hosveser. that it is the purpose of each 
teacher In le.ach the best way he can. One of the man) ele- 
ments of the successful learhcr is his winning of the partici- 
pation of as many students as jsnssihle, day in and tlay out. 

Tliosc teachers who plan sshli students enlist early their 
participation in planning ilie goals of the course, its major 
content, iu topics, esen ways of handling these topics (dis- 
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cussion, laboratory, lecture, film, report, panel, discussion, 
field trip, library lesson), and the many procedures which 
students may indeed plan and carry out with the teacher 
(see Section V. Tools for the Science Teacher).* Planning 
tvith students (as we have indicated in Mr. P.’s pattern, 
p. 78) brings out clearly the goals of the learner and focuses 
them. It enlists the learner; it makes him part and parcel 
of learning and, in that sense, part and parcel of teaching. 

But the learner is still not the teacher; the community 
does not hold him responsible for adiieving the goals of 
teaching. It is the teacher who is responsible for the pro- 
cedures used. The teacher is in fact the teacher of any class 
for tvhich he has responsibility. ^Vhe^e planning with stu- 
dents has failed, it lias failed mainly because the teacher 
has permitted the students to take over his task, that of 
helping students win new concepts. 

Finally, it is the teacher who must know the techniques 
of winning participation and helping students win concepts. 
His major skill is that of giving a lesson; in the lesson his 
knowledge of the psychology of learning (see Chapter 6, 
Winning the Concept) is clearly evident. 

In our experience as teachers and supervisors of student 
teachers we have come to realize that the major fault of poor 
teachers is to be found in the lesson; titey cannot, or do not, 
plan a lesson, and they cannot conduct a lesson to win par- 
ticipation. Somehow many of those who lecture consider the 
audience captive; many of those wito plan with students 
resign to the students their role of teacher. The teacher 
should have his lesson well in hand, and when students are 
to conduct it, they must prepare for it even as he prepares 
for it, and with his help. 

The remainder of this cJtapter is then giv en over to dis- 
cussion of three major types of lessons: 

1. Where the teacher plans the lesson with a clear 
objective. If he plans vtith students, this objective will have 
been stated by his students (with his participation). But it 
may be that this lesson is not susceptible to report or student 
discussion but must, because of s|>ccial knowledge or skill, 
be planned and conducted by the teacher himself. 

2. Where tlic teacher lectures, and is therefore dearly 
res]>onsib)c. 

* It l)e oell if tlic fcailct to lum lo thU Motion at tlie eatlmt opporlunitj' 

In ord« lo wniple ii* coiilftii. OihrtHi«c this chapter mishl Iea»e h/tn with itie imprewiuo 
Vtui giving trr'ons per *e ii Uir cme oav lo oin pariicipaoon. 
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3. Where laboratory work is indicated and much prepa 
ration must be made, by bo^ teacher and students. 

The most effective teachers plan their work, plan svith 
their students, and. in their daily ttfell planned work, work 
with students to achieve the agreed-upon (because jointly 
planned) goals of the year's w'ork, the year’s learning. 


The pattern of the lesson 


Before the heginnirig of the lesson 


Every lesson, as an act of leaching, has a beginning. ^ITiat isn't always con- 
sidered IS that there is also a beginning before the beginning: the lesson plan. 

Plonning os o must in science teaching. In lew oibcr areas ol teaching is 
planning as essential as in science. Science teaching is not chalk-talk. It re- 
quires equipment — in biology, living things; in chemistry, solutions and ap- 
paratus of all sorts; in physics, calibrated equipment. The equipment must be 
prepared, and often repaired, before use. If equipment is to be used, it must 
be checked Hence, if only because of the need to use equipment, the lesson 
must be planned 

Second, if a labotaiory is to be planned, whether in general science, 
biology, chemistry, physics, or earth science, materials must be prepared.* 
iVheiher or not materials are necessary, the sequence of the development of 
concepts, the methods which will be us^ to help children in concept seeking, 
should be planned. The casual air of the skilled teacher U based on experience: 
experience in planning and experience in carrying out plans en rapport with 
the students 

Let us disclaim at once any notion that the lesson is to be rigidly planned 
A lesson plan is a guide, not a pair of handcuffs; it must be flexible as human 
relations need to be. 

The plan of a plan. A lesson is very much like the plot of a good short 
story. Whether it be by lie Maupassant, PaulVner, or Maugham, the plan of 
the successful short story remains somewhat like this: becinninc. middle, end. 

No matter vvhat it is called-motivation. presentation, conclusion (sum- 
mary or assignmentj-there is still a beginning, a middle, and an end. To illus- 
trate these three guideposu let us look at two plans taken from a teacher's 
notebook. Right now we are not concerned with analyzing these lessons in 
terms of concept formation; we are concerned mainly with their structure: 


*In the volumes act 
book tn the Biolopeot Sc 
Physical Sctences, the orj 
discussed. 


ipanyinf; this text, hforholt. Brtndwcin, and Joseph. A Source- 
sett, and Joseph. Brandwem. and Motholt. A Sourcebook in the 
uiaiion of a squad whose duty is lo prepare materials is fully 
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there is a beginning (which gains interest and states the aim o! the lesson), a 
middle (which deselops the aim), and an end (which gains the end desired and 
extends the lesson). 

You will recall that in the preceding chapter sve de\ eloped a structure for 
concept formation; this structure too had a beginning (problem seeking), a 
middle (problem sohing), and an end (concept forming). But the moment 
when the Eureka occurs, when the conc^t is attained, cannot generally be 
controlled, that is, it cannot be organized to occur on a given time schedule. 
Nevertheless, tve can tiy to isolate a lime sequence of pre-Eureka, Eureka, and 
post-Eureka. The teacher is free to deselop his oim constructs about lesson 
planning. ^\’e cannot repeat too often that teaching is a personal invention. 
But it is helpful to distinguish between partially unconscious processes of con- 
cept formation and the conscious development of information which is some- 
times the central task of a particular lesson (to the pre-Eureka stage, if you 
will). 

A pTe*Euieka lesson. This plan is the teacher’s; it is not addressed to the 
students. 

AIM or THE TEACHU: How Ij Blood Tj-pcd? 

TO eviv ivrEMsr; At a Ci'U Defense meeting it was suggested that each boy and 

girl Gury an identilicaiion tag. 

IVliat should be on the identifiation tag? Response: name, blood type. 

How many of you know sour own blood type? 

sietkod: (Discussion, demonstration, laboratory) 

Key queitions end acimttes Retponies end eclivilies 

TEACHCXS $n-T>£.STS 

WTut blood types are there? Studenu suggest blood types (placed 

on board). 

\\'hat it the principle of blood typing? Students recognize principle. 

Demonstrate blood typing. Students type blood. Laboratory (12 

minutes). 


Conclusion: Summary of blood typing. 

Apphtauons and Assignments: By reading and renjembering make a list of 
ways in which bIoc?d typing is important to us. (Whole blood transfusions, crime 
detection, etc) ^^'hat classifications other than Landsteincr's test are used to 
describe blood (at least ten other tharaetcrisUa: Rh, m/n. etc)? How many 
permutations and combinations would all tliese attributes have? On what basis 
have doctors suggested that the blood of each person who has ever lived was 
diiferent hotn iViai of every other hununn> klov* might we find out what in the 
blood vcacts to form the dumpings? 

A modified loboretory opprooch.* Thb plan is addressed to the students; 
it might be duplicated and distributed to tliem, or used by the teacher as a 
guide. 


sThii loson pUn devised by Cernaid Cdane, biologv teacher at Forest Hills Hi;h SchooL 
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Determining the presence op ascorbic acid (vitamin c) 

/nfrorfurlion t i 

A First tve must get acquainted with a diemicaS called 2.6-dichlorophenol- 
indophenol (To simplify matters let us call it 'indophenol" for short.) Pour about 
10 drops of indophenol into a test tube and add it to some ascorbic acid (viumin 
C) solution 

1 \Vhat happened? 

B. Prepare 4 test tubes as follows 

#1 #2 #3 #4 

indophenol indophenol ascorbic acid dilute (1:10) 

ascorbic acid 

^Vlth the aid of a mediane dropper, add the undiluted acid (test tube #3) to 
test tube #1 drop by drop Shake the test tube after each drop and count the 
drops necessary to bleach the indophenol 

2 What results did you obtain’ 

In a similar manner, test the diluted ascorbic acid (test tube #4) against the 
indophenol m test tube #2. 

3 \Vhat results did you obtain? 

C Summary The greater the concentration of ascorbic acid, the — the 
number of drops needed to bleach the indophenol 

Pro6(em A. ^Vhlch of three juices (bottles A, B, C) contains the most ascorbic 
add (vitamin C)? ' 

1 WTiat did you do? 

2 What twu\m did you obtain? 

3 'What IS your conclusion? 

Profrfem B People sometimes add bicarbonate of soda when they cook their 
vegetables Use one of the juices to determine whether bicarbonate of soda has 
an effect on the ascorbic acid content. 

1. What did you do’ 

2. ^Vhat results did you obtain? 

3. What 1 $ your conclusion? 

Note, if you will, that these lessons are developing subsidiary ideas in a 
larger concept (see Chapter 6). The lesson on blood typing is only one in a 
series of lessons designed to develop, in this case, the concept "Genetic factors 
are inherited." Of course, the lesson could have been used in a planned pattern 
to develop another concept, e.g, "An antigen reacts with a specific antibody.” 
Similarly the lesson on aKorbic add detection could be placed in a pattern 
designed to develop the concept "Chemical substances regulate our body proc- 
esses," or the concept of testing quahtauvely and quantitatively. 

These lessons are then parts of a lesson group structured toward the devel- 
opment of the concept the teacher has in mind (pre-Eurekas. see p 120). But 
there are other ways of planning activities, experiences, lessons, to develop a 
concept: these we developed in Chapter 4, Sdence Teachers (Mr. P.'s approach). 
Nevertheless, after we analyze the elemenu of various types of lesson plan, we 
shall return, for emphasis, to the question of organizing the lesson irrevocably 
toward concept developmenu AVe shall also concern ourselves with lessons 

s Use fresh squeezed, canned or Eroten juices: orange, lemon, grapefruit, apple, grape, 
pineapple. 
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which children and teacher plan cooperamel^. (This is not to critidre the les- 
sons above; the)- are models of their Lind; within forty minutes, the do)^ and 
girls develop the ideas purposely planned ahead of time by the teacher.) 
us then dissect these lessons with the understanding of our purpose; to examine 
the anatomy of a lesson, ^\’helher the lesson is planned by the teacher, by stu- 
dents, or jointl), it must still meet the realities of schcxjl life; it mujt be an 
experience in search of meaning, but to be such an experience it must be 
planned. 

As rve suggested in the Iasi chapter, a major concept (Eureka) can be 
attained in one tcsson; we described such a lesson. But 40 to 50 minutes does 
not usuall) permit this to be done fruitfully unless the concept is gisen ready- 
made, i.e., it is lold to the studerris. This may be done through the lecture 
method, but then one must wonder whether the student has been robbed of 
the right of discoser). 

For instance, let us suppose that ive are interested in deseloping the con- 
cept of diffusion. It can be done in various wa)s. One way is this: 

Perhaps the statement has been made that "seeing is beliesing." 

At the beginning of the next lesson the teacher places a bottle of concen- 
trated NHjOH before the class and imeru an open test lube over the open 
bottle. Care has been taken to place a roll of wet filter paper on the inside of 
the tube. 

The teacher asks: "What do )Ou seer” 

Students generally say: ••NoiWng." 

(Unless they are sophisticated the) will not "guess” that the fumes of 
NH(OH are spiraling unseen upward in the tube.) 

After establishing the point (with questioning) that nothing is seen, the 
teacher places a feiv drops of phenolphthalein on a fresh piece of filter paper 
and holds the paper over the mouth of the open N’H,OH bottle.* (Alt this is 
pre-Eureka.) 

As the filler paper reddens, a student's hand shoots up (Eureka). He sug- 
gests placing a drop of phenolphthalein on the filter paper in the lest tube; 
it will redden, he 5a)s, because the ammonia has diifused up (he may use 
another viord). 

Now all this could have been told the students in a few minutes; is it a 
v«-aste of time to let them discover it? 

A uvrd of tmalyris: Compare the lessons on the preceding pages with the 
analysis o) foncepi formation and the elements of the teaming process discussed 
prei'iously. 

In each lesson, an attempt was made to determine the readiness of the 
children (what concepts they already had) or to help them achiei'e readiness for 
the specifics to be studied. IV/iere in each lesson was this readiness sought! 

In each lesson, an attempt was made to stale the pro6/em in relation to the 

• Itiit dnnonilntion and o(hm liKe it are fully dewnbed in the i>ro anompanrifti; 
Volume* of thi« tena. 
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concept loimalion desned Tins was done through a selected ]ctiTmngsil\iilion. 

Wheie in ench lesson uas the ‘•problem” clearly stated? 

In each lesson, activities were planned m which yoiingslen had an oppor- 
tunity to appl) the concept formed to a new situation. Where in each lesson 
■d-as the new concept applied? 

The beginning of the lesson 

The lesson begins tlie momeni students enter the classroom. Are they 
ready’ Do they hate the concepis needed? From Uus it can be assumed that 
any lesson begins ihe day before. 

In most classrooms, the lesson ends with an assignment ss'hich is, in a sense, 
an extension of the lesson Better than that, it is a "Jesson" carried on at home. 
■Vs such u should be planned with the students so they arc aware of its purpose, 
so they seek out the approprtale concepts, so Utey have some clue as to the way 
It may be carried out. 

If the teacher presents the assignment, then ample time should be gis en to 
make the assignment clear both in content and intent. Assignments are of 
Uidereni kinds and for diderent purposes. Most assignments arc intended to 
ready the student for the next day's »\ork. Yet other assignments, typically 
at the end of a unit, may properly extend and enrich the lesson without rais- 
ing new questions. 

In practice, homework can either precede or follosv the relevant class 
session \V1ien it (ollovst the class discussion, we may consider the homework 
as intended to "fix” the lesson by additional experience not possible within 
the brief class session (the post Eureka |)eriod). Such "fixing" may elicit a self- 
evaluation by the student of how well lie comprehends the new concepts. It 
may also provide additional practice and application in new circumstances, 
thereby clarifying the range and nature of the concept. It may. however, be 
the point of departure for individual extension of the lesson, in the form of 
special reading, special reporls, or special observations not practical in school. 

\Vhen homework precedes the lesson, it is intended to ready the student 
for the coming lesson in concept formation by supplying him with specific 
information and reminding him of pertinent experiences. Many teachers use 
homework for both purposes- reading in advance (pre-Eureka) and also prac- 
tice on what was considered today (post-Eureka). 

In the usual day’s work, studenu will come in from a class or several classes 
in other subjects and have those subjecu in mind. Or the brief period of 
badinage with friends may focus their thoughts elsewhere. Thus it is usually 
the practice of teachers to begin the lesson with a learning situation which 
focuses attention on the problem at hand. No nwuer what descriptive phrase 
is used, the teacher usually begins the lesson with an "approach" which, in the 
best practice, is interesting and attention holding, simple, direct, and on the 
student’s level. If possible, it stems from the student’s experience and has a clear 
relation to life and living. The learning situation is a pre-Eureka experience. 


no PATTERNS IN TEACHING SCIENCE 



Tliere is all the difference in the world benveen starting a lesson on static 
electricity by showing the class a rubber balloon "attached" to the wall and by 
shosving them a statement on the blackboard, “Static Electricity.” There is no 
reason why the beginning of the lesson should not be as interesting as possible. 

.\n example: 

One can begin a lesson on Bernoulli's principle with a question or a dem- 
onstration. The question "How many of you base been up in an airplane?” is 
better than the question "How does an airplane fly?" merely because the first 
draws upon a personal experience directly. A demonstration of the classic “ball 
in the funnel” or “card against the spool” will also stimulate discussion and 
analysis leading to the deselopmcni of Bernoulli's principle. In our experience 
an opening demonstration is generally more effective than questions in focus- 
ing attention. 

Do not assume, hotvever, that demonstrations or “doing" must be used to 
open every class session. Some analyses can begin only with questions; for 
example: 

Wliat evidence is there that life exists on Mars? 

\\1iat effect will atomic energy hate on our lives? 

How docs smoking affect your health, your length of life? 

Why can a normal child born today expect to live longer than a child 
bom 100 years ago? 

The most effective questions are those, related to the pupils’ lives, which 
cause them to recall, vs-eigh, and apply prior experience and knowledge. A /earn- 
ing siriiation ocain almost any time we focus the students' attention upon a 
problem which they identify, or challenge a concept the students adhere to. 
Such a situation, which is interesting and related to the pupils' lives or affects 
them in one way or another, wilt gain attention and will help give direction 
to the lesson much as a hypothesis gives direction to an investigation. Delib- 
craic seardt for vaiieiy in these "opening moves" can be amusing to a teacher 
and can provide variations In his period-to-period or year-to-year teaching. 

The middfe of ffie lesson (fechniques in qi/erfioning) 

Once the lesson has begun (the learning situation is but a trigger) earnest 
analysis, earnest concept seeking through problem solving, begins. M’e repeal, 
whether the lesson is planned by the leather, by students, or jointly, the lesson 
is an experience in search of meaning. The "middle” of the lesson is an investi- 
gation employing one or more learning techniques: discussion. lalxiratory 
work, film, reading. rc]>ori, board work, and soon. 

But first the topic problem, or center of concern, must lie stated clearly, 
because everyone in the class should understand the purpose of the investigation 
alxiui to ensue. This topic is usually called the “aim of the lesson," and much 
has Ixrn said of the way it should be derived. 
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It seems to us that when teacher and students plan the lesson, the aim is 
arrived at in discussion, jointly. But when the teacher takes the responsibility 
for the lesson, it is well that he state the aim clearly and place it on the board 
for all, especially the latecomers, to see. 

Certainly the class must understand what the problem is. This may be 
checked and clarified by asking students, both bright and slower, to restate the 
aim in their own words. Although the aim may be stated in various wajs, there 
seems to be a preference for stating u in the form of a question, possibly be- 
cause ‘■scientists ask questions." PtychologicaUy or grammatically titiestions are 
probably more efiectiie. for they imply confusion or doubt requiring clarifi- 
cation, whereas a statement can be simply accepted with no tension to the 
student One must he careful, however, that the questions are not artificial or 
labored For example: 

■'What is the laboratory preparation of oxygen?” is an artificial question. 
No one but a teacher would ask it, and the topic "Laboratory preparation 
of oxygen" vs just as cleat and exen more natural. However, "In how many 
ways could we prepare oxygen?" hints of a multiplicity of procedures and 
initiates a search. "Why do we behave «hc way we do'” seems to be a valid 
question, a more interesting statement of the aim of a block of study than "Our 
behavior." We can only recommend that the aim be staled in as interesting a 
fashion as possible for the p.ariicular group of students at hand. 

As we have noted, the middle of the lesson, the "meat’’ of it, may embody 
many learning techniques. No matter vvhat the lesson, in science the major 
techniques deal wiili concept seeking through problem solving. Often the 
method ol teaching involves questioning-demonstfation observation, or the r^ 
counting of investigations with commentary (lecture method). In any event, in 
the middle of the lesson, following the initial, motivating learning situation, 
the teacher proceeds to elicit from or recall to the students a body of informa- 
tion and concepts, or to "tell” the students a selected amount of informa- 

One elicits by questioning. Socrates used this question-iipon-question 
method very well, hence the term "Socratic method.” Comeniiis implied this 
by his statement, "IVben the teacher teaches less, the learner learns more." 
Agassiz was a master of the art of questioning, exhorting liis students to ques- 
tion nature as well. This raelhoil seems to be exceedingly successful for those 
who accept completely the philosophy behind it. namely, that the science class- 
room is a place to investigate by questioning, to question nature and to ques- 
tion people again and again. In any event, we believe that a Eureka occurs 
on the fertile ground of thought induced by pre-Cureka questions. 

Therefore the techniques of questioning are basic to skillful leaching. A 
few practices arising out of experience and observation may be helpful here. 
Some very skillful teachers use these practices: 

1. They often begin their questions with ‘'^VTiat." "IVliy," "How,” and 
“^Vhere," rarely with ihe phrase "Could you tell us" or "Who will tell us.” 
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The ansiver to the first set of questions is a sustained ansiver. A proper answer 
to the second set is "I can,” or the act of raising a hand. 

Also, if the question begins with the first set of skords, it is usually brief 
and to the point. If possible, questions should be limited to less than 25 words, 
preferably about ten. ^Vhere possible, they should be limited to one sentence. 
For instance: 

“\Sl\o Viill slate Ohm's law?” (Answer: *T shall”) is a poorer question than 
"WTiat is the mathematical statement of Ohm’s law?” And this, in turn, is a 
poorer question than “What do we leant from Ohm's law?" 

‘'\S’hai are ihe functions of the kidneys?” is a better question than "\Vhere 
are the kidneys located and what are their functions?” (Two questions really.) 

"IVhat was Niels Bohr’s contribution to atomic theory'?’’ is a better ques- 
tion than "What about Niels Bohi?” or "\Mto was Niels Bohr?” The former, 
at least, limits the boundary and puts all the students in the same ball park, 
if not on the same base. 

We could multiply these examples, but it suffices to say that when you find 
a skillful teacher you find one skilled in questioning. And he doesn't base this 
teclinique at birth: he attains it only by diligent, uncompromising self-criticism 
and practice. Slowly but surely the skill grows. 

2. Naturally, it isn't sufficient merely to ask questions; they must be asked 
in a logical sequence . to build towards the point of concept attainment. Specifi- 
cally a lesson plan includes die key questions (see page 127). Note how, in the 
lesson plans cited, die dilTerent key questions cannot be answered unless the 
preceding one has been answered first. Tliis is the clue to asking key questions*, 
what information do we need before we can go on? The answer, in the lesson 
plan, depends upon the teacher's knowledge of the etidence and the logical 
web upon which the iicsv concept (lesson aim) is based. Without such knowledge 
errathe questions are unlikely. 

3. Questions can sene varied purposes: 

Tliey may elicit known information to clarify a point, or elicit informa- 
tion known to only one or two pupils as a result of their special experience 
in school, at home, during a sacation. or on a trip. 

Tliey may encourage comjjarisom, the sorting and selection ol information 
of teles ance to the problem. 

They may encourage analysis and the formation of new suligroups of 
attributes or reactions not pres iously rccognired. 

llicy may encourage generah'/atiom, or ''/tjpodiesis harard/rig.” 

They may elicit liy|>otbesis appraisal by testing ilie degree to which the 
hs|>oihesis is cnnsisiciu siith the data it presumably descril>es, or by exploring 
sebetber the Iisjxnlicsis suggests or acrounis for additional facts or reactions 
not among ibe original data used. 

4. The «iiiesiions asked by skillful leachen arc saried in their difficulty. 
-Some are directed at scry bright students: otliers. at sloscer students. Some are 
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m ihe k,el. of ibstrociion. olherf «!. for »n>pk » s™P'= reasoning. 

For msunce, m a lesion m ehemis.m (on anal, sis) ihe following qoestions are 
among those which were asleil in sequence iliiring the lesson. 

How 1, os, gen prepared Iron, KCIO.- ((simple recall, initien on the board 
for ready reference ) 

Winch substance among these is the taiahst? (Plainly, simple recall.) 

What IS the function of the fauUstr (\ bit abstract, calling upon rcad- 

° ^How uould you demonstrate by experiment this function of the catalyst? 
(Aimed at the bright, calling for reflective thinking, etc.) 

5 The skillful teacher not only accepts responses to his questions from 
volunteers, but calls for participaimn by ‘'auditors (reluctant participants in 
audible response) as well Thus. ]qC (uViO tssVfy) Vias i dwetWd. at Ww. 

now and then. And Frank (who is constantly raising liis hand) is often ignored, 
but occasionally gets a difficult question to challenge him. 

G. The skillful teacher docs not answer questions directed at him by stu- 
dents. He throws them back to the cla» « the answer to the question is not 
necessary to the sequence of the l«*on. if it is a digression, he may ask a student 
to volunteer to investigate the problem and report to the class. H the informa- 
tion is necessary to the sequence of the lesson, then the teacher who is addicted 
to questioning will probably divide the question into subsidiary ones and elicit 
the responses from the students. This presupposes some information residing 
m the class; "no response" may be the basts for the next assignment (see The 
End of the Lesson), These, then, in general, arc verbal devices used by skillful 
teachers in eliciting information by means of questions. 

7. Skillful teachers have the notion that when a youngster offers a re- 
sponse he generally does so because he sincerely believes that it is correct. If 
he *n«ti it to be inaccurate, he vvould not offer it. Therefore, when a youngster 
gives an inaccurate response, they question him with the purpose of having 
him appraise his information or revise his thinking (his conceptual scheme). 
Thus one not only questions the class, one returns questions (asked by a stu- 
dent) to the class; one questions youngsters and one turns an inaccurate re- 
sponse into an accurate one by further questioning. 

8. Skillful teachers also question youngsters who give accurate responses. 
They milk the answer dry of meaning, as it were, and often the youngster is 
full of wonder as his original response grows in meaning. 

9 Finally, skillful teachers apparently ditert their questions at the entire 
class, then call the name of the youngster they might want to respond to it, 
rather than the reverse. For example- "John, why is it colder in the winter 
than in the sunimei?” is a question which tallies John's attention; the rest 
of the class may relax while John copes with it. Whereas wording the ques- 
tion; "Wily is it colder in the winter than in the summer? (pause) John’” 
holds the class, encourages each student to think reflectively about the prob- 
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lem before a particular pupil h called. Of c»une, there may be a volunteer, 
and then the teacher may still disregard the volunteer and call upon John. 

The end of the lesson 

It seems to us that the end of the day's lesson should not consist simply 
of the assignment. It should include some eiidence that the purpose of the 
lesson has been accomplished. That is, die problem has been solved; the con- 
cept sought has been formed. 

In most cases tins e\ idence is sought by questioning— searching question- 
ing. Furthermore, at the end ol the lesson especially, this questioning is usually 
directed at the slower students. If they understand the concept taught, can 
state It, and apply it to situations in their experience, then it may be as- 
sumed that the others in the class understand as well. Time is given at the 
end of the lesson for all students to ask questions which arise out of the “new’’ 
questions of application, or significance, that the teacher asks. 

In general, tvhat the teacher tries to do at the end of a lesson is to give a 
“new \ lew" of the concept rather than a “review." For instance in dealing with, 
for example, the concept of “cells," a teacher might pose a "problem" as the 
new sieiv, a research problem, as it were. “Suppose someone reported a species 
of animal never before discovered; what could you say about the inner struc- 
ture of the animal you have not seen?" Now the students should agree that 
the internal structure is probably cellular. They should also be able to indicate 
the breakdown of the organism's iniemal structure from organ systems to 
cells. In short, they have applied lo a new situation the information they have 
learned. In a lesson on simple machines, the nevv vievv might well be the 
analysis of a demonstration pulley system. In a lesson on the properties of 
sodium, the new view might be to ask the class to predict the properties of a 
sinular metal, such as potassium. 

In any event, at the end of the lesson the teacher also tests himself. Has he 
acliicved the purpose of his lesson; have the students learned? Can they now 
organize data or make predictions not possible before this lesson? 

Even a short quiz is useful. This does not mean Uiat the teacher must 
v\ait until the end of (he lesson to appraise the efficacy of his approach or Iiis 
teaching. In the questioning-discussion approach, the teacher is constantly 
testing his teaching because he is constantly gelling responses. This is also 
true of tlie assignment-recitation approach. It is less true ol the lecture ap- 
proach. In many cases tlie lecturer does not know whether he has achieved his 
aim until the day of the test. Here tlien is one of the major disadvantages of 
the lecture approach. If carried to the extreme, the lecturer does not have the 
opportunity to test his daily achievement through the daily responses of the 
learner. He usually cannot modify the mode of concept telling until the fust 
v.-titten examination (and perhaps not even then). It is clear then that 
Vthere the lecture approach is used, sufficient time should be taken at die 
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end of the hour to determine whether the concepts have been ‘‘tauglit’’ and 
' learned " 

The lesson can be extended b) means of the assignment. In the assign- 
ment. toncepts formed arc applied through additional problem solving. If 
the assignment is in preparation for the coming da)'s work, which is then 
to be merely a recitation of that assignment, much is lost. If the lesson is an 
enriched development of the previous day’s assignment, much is gained. 

On the other liand, an assignment can be used to extend the day’s lesson 
so that the student not only reviews the day’s work but also adds depth to the 
(uncept studied. 

Tor instance, a lesson on cells can be extended by reading the historical 
development of the concept of cell, or the lives of Schleiden and Schwann, or 
of Dutrofhet. A lesson on pulleys (in the pattern of developing the concept 
of mechanical advantage) can be extended by asking students to discover a use 
of pulleys (windoiv shade, etc.) and to do some problems related to the window 
shade. An assignment h valuable when it is made pan and parcel of the 
method of intelligence, that is, when it furnbhes an opportunity for invest! 
gallon and reflective thinking about important problems, perhaps related to 
the students' lives. 

Sommory— ffie lesson 

Apparently wc have been dealing with an administrative coup d’etat. A 
teacher meets his class for an hour or so UTiat he docs in that hour is catted 
a lason (for the curricular frameworks of lessons, sec Section HI), Skillful 
teachers, observation shows, apply the psychology of learning to make the 
lesson as interesting and as significant as possible. They build toward a 
Eureka. , 

Generally, skillful teachers begin u-if/i a learning tituation which captures 
interest because the concepts to be attained have meaning to students. They 
continue to develop the lesson by a selected procedure which evolves the con- 
cept lying at the heart of the lesson. They end by demonstrating to themselves 
and to the pupils f/«it they have achieved the aim of the lesson; the concept 
has been taught and the concept has been learned Then they extend the les- 
son ociCsfde the school day in either a "new view" of the concept taught or a 
preparation for the following day. 


Patterns in lessons 
The lecture as a lesson 

^V’e have discussed, in the phst pages, a lesson as a way of winning the 
participation of students in concept formation. The lecture method does not 
attempt to win overt participation; indeed its single, most significant failure, 
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in our minds, is that the lecturer usually cannot know whether his audience 
is participating unless he has "yea-sayers” and "nay-sayers” in his class. Too 
many students have learned hosv to keep their eyes fixed on the lecturer and 
their minds elsewhere. (Unless, of coune, the lecturer is a master.) 

The lecture method is a major form of instruction: even reports, films, 
filmsiiip, and such are really "lecturing.” Most college instruction is by the 
lecture method. One of the authors has visited some 70 high schools through- 
out the United States, and in approximately 20 of these the lecture method 
was used. In a questionnaire study of the methods used by some 200 teachers 
representing most states in the country, 62 (about 30%) stated that they used 
the lecture method almost entirely in the majority of tlieir classes. 

No broad statements can be made about the lecture method, because 
it is even more highly characteristic of the individual teacher than is the 
discussion method. Good lecturers are rare and those who can hold the com- 
plete attention of a group of young adolescents for a class hour are very rare. 
For the younger the class, the shorter appears to be the attention span. The 
audience is captive but not necessarily captivated. 

The most skillful lecturers we have observed can be described, in gen- 
eral, by the following portrait: 

1. He has a strong personality; by his presence he commands attention. 

2. His use of voice is compelling: there are nuances, there are changes 
in tempo, in amplitude, and in pitch to assure emphasis of important points. 
His is not a monotone monologue, but a “rich” modulation. The voice is 
clear, and clearly heard in every corner. 

3. He moves about to be clearly visible to all and to compel attention. 
(To remain seated is to invite inattention.)* 

i. Generally, he develops important concepts through dilfeiing con- 
texts. Each major point is clearly an entity, thereafter the scene changes for 
the next activity. 

5. He organizes the sequence of concepts presented on the board, some- 
times using colored chalk, to encourage note-taking. Then at the end of the 
lecture the board shows a complete outline of the concepts presented. 

6. He organizes the lecture clearly into a beginning (motivation), a 
middle, and an end (usually a summary). 

7. He asks rhetorical questions to emphasize sequential points in the 
logical development of a concept by stimulating nonvocal answers in each 
member of the audience. 

%. He spends the earty days of ^he term (particularly with young stu- 
dents) in teaching the class how to take notes, and discusses good study habits. 
Notes are often handed in and discussed the next day in class. 

9. In order to clarify the concepts presented, he devotes either the first 

‘One lecturer noted chat three elements wbidi compel attention are sound, movement, 
and color. 
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minutes of the lesson to questions about the previous ilay's lecture, or the end 
of the hour to questions about that day’s lecture. 

10. He assigns matenal at the end o£ the lecture to be covered in the 
lecture on the folloning day Thus youngsters are "readied” for the "telling” 
by reading. 

11. He is gencially flexible He will stop in the middle of a lecture when 
he notes puzzlement on young faces, and revert to question discussion tech- 
nique until the difHcuUy is clarified. 

in hie shoiss a sense of humor consonant with the tone of the lesson. 

The reciloHon at a lesson 

The lecture and discussion are two teaching techniques; the predominant 
technique seems to be the recifafion approach, a sort of combination of these. 
■A definite assignment is given (’pages 105 to 111, and the questions at the 
end of the chapter") at the end o( the lesson. The next day is spent in clarify- 
ing the assignment by a hybrid discussion telling technique. The teacher asks 
questions calling upon members of the class. When the understanding of a 
concept seems doubtful, the teacher again ’’tells’’ the class with further 
illustrations Or as most leathers would prefer to say, the teacher explains. 
The varying amounts of "explaining" and “discussion" seem to depend on how 
well the class "knows” the body of subject niatier to be covered. 

/f word of fliialysis: Where the lecture method and explanation discussion 
seem to be dominant, the school (or the teaehei') seems to be concerned mainly 
with subject matter, and lessmih personal social growth and Qtfilwdej. Where 
the questioning investigative approach seems to be dominant, the school [or 
the teacher) seems to be concerned with pupil growth, with attitudes as well 
as with subject matter. This is not to say that the questioning-invesligatiue 
teacher does not teach subject matter well; indeed his method may be designed 
10 get youngsters to learn independently and thereby grow in scholarship as 
well as independence in pfenning one's work. The lecturer, on the other hand, 
gives the student all the eurekas and Eurehas; he covers maleriaf; he does not, 
unless he plans carefully, uncover it for analysis. 


The laborotory exercise os a fesson 

Now we should analyze another type of lesson which is characteristic of 
our way of teaching; the socalled laboratory lesson or exercise. Here the stu- 
dent works with his hands as well as his brain, while the telling by the teacher 
is at a minimum In this type of lesson there is still the beginning, the middle, 
and the end. 

Generally speaking, however, the laboratory exercise as it has developed 
is even more binding than a lecture. ’Ihe student is usually told what to do 
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step by step, by a \sotbbook or laboniwry manual. Some teachers go so [at 
as to call the workbook a ‘'cookbook."^ 

In our experience, students find laboratory svork "fun” even when rigid 
direction robs them of the experience of discosery. Probably the laboratory 
is a svelcome change from the cramping of the regular classroom; and young 
people like to “mess around." 

Nosv laboratories should be distinguished from shops. The shop may 
hate the equipment of the laboratory, but not its intellectual climate; for in 
the laboratory t\e usually inveiligale, whereas in shops sve usually make 
things. When the laboratory becomes a place for making things, e.g., pre- 
paring oxygen or making a magnet, it is being used more as a shop than a 
laboratory. Where investigations are carried out, even cookbook topics, e.g., 
examining a Paramecium to determine its structure, or determining the in- 
verse-square relationship between distance and the brightness of a light, we 
approach the intent of the scientist's laboratory, but we are still far away 
from it. 

Most teachers ate agreed that these “cookbook” experiments have their 
place. They defend the workbook by indicating that it is a means by which 
the cultural heritage (in this case (he work of scientists in the past) is trans- 
mitted to the new generation. 

But the laboratory need not be a place where ingenuity Is rarely required. 
Let us examine a few types of laboratory lessons, from the strictly cookbook 
type to one where the student brings all his concepts into play in Eureka 
activity. 

Type A— little latitude. In this type, although a certain latitude is per- 
mitted, the student cannot squirm out of the iron bands of the questions. 
(It is used mainly in pre-Eureka.) It is very useful lor dissections, learning 
how to use a microscope, etc.; in short, (or development of skills. 

Measl'Ri.nc SPEaric meat 

We are going to calculate the speoiic heat of a metal by heating it to a 
convenient temperature (100* C) and then placing it in a calorimeter containing 
some water at room temperature- The toul heat given off by the hot meui will 
be known if we calculate the heat absorbed by the water (from miT). C>>nse- 
quently, the amount of heat lost by each gram of the metal as it cools through 
each degree (its specific heat) can be calculated. 

Boiler, Bunsen burner, thomouietei. calorimeter, beam balance and weights, 
block of metal such as aluminum, iron, brass, or lead. 

Procedure 

1. Heat half a bailer ol water, iwmng at what temperature it boils. 

2. yVeigh your sample of metal and suspend it by a string in the boiling 

water. Its weight is . Allow it to remain there lor several minutes until the 

» In a Midwestern state a teacher taught dicmUtty by vising the wotVbool. as a “conlTact." 
tv hen they finished alt the ‘'exercises” sludenis could go on to their own projects. 
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„cul .1.C .. .h. ...n, (t 

tun for llie metal ) . 

S Mi-.mv.htlt -fteisU *e ciU»ciou.«.r«an- lu 

4 Then put about 200 granu of <«ol tap water in the can. Ihe wcig 

the water plus can is — The wiiRhl of the watef a'ont » • 

4 l.iU- the temperature of this water. (This » the starting lempcTaturc 


of 

of 


Wjtci aiit! t-alorimeier tan) _ 

fi .\s qutiVly as possiWe transfer tlic hot metal to Inc calorimeter can oi 
cr and s'lir the waiti tonsratitly. nolmg the highest temjscratute to sshtch the 
tr rises (This is ilu final lemjicrjture for both mcial ami ssater.) 


Record )our obscriations and data in die accompanying table. 


Cafonm^lrr 

fan (mailfef Mflaf 

Hater ...) (•••) 


Mass 

'tpecifie hen (t) • 

linal lemperaiure 
Starvmg umptratute 

Calculalioni 

Tenipctjiute tliange (iT> 

Heat gaineil (niiTS) A • — A’ “ — • no enlfT 

Heat loit i/t‘) no enirf no entry 


Total heat gained It m h + k' a 
Total heat lost It’ m » 

According to the taw of heat exchaiiKC. boss- does H compare with //’? — — 
Write the eipiaiion sliowing this rcittion beiweert It and It' and tolse for the 
specific heat of the metal x: 

Note that students do leatn something; Utey tonftnn the Vetii; they leant 
to do 3 problem, not to solse it. 

Type B— lOfTie latitude. Some teachers prepare their oss-n work sheets. 
After the ssorkbook acthily, considered an ■‘exercise," they introduce a kind 
of actisii) which insolsos some degree of originality. Such an aclisiiy follows." 

Note that it imolses the lesiing of sariotis solutions for conductisity. 
Then in the section, Going Further, there is an opjwtiunily for students to 
deselop their own procedures and male their own obscriations. A kind of 
originality is being stimulated. (Itcfore the exercise, students are shown how 
to test for conductivity using a conduciisity apparatus.) 


Rochelle High School, Ne« 


on from lahoralory dir 
Rochetle. N. Y. 


deselopeit by Carl Spear. New 
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Equations show- 
Kind of ini^ formation of 

Solutions to be tested Brightstess substance ions (tf any) 


BRT DIM MAE 

pure water 
lodium cMonde sol'n 
glacial acetic acid 
acetic acid sol'n 
barium chloride sol'n 
copper sulfate sol'n 
potassium nitrate sol'n 
hydrochloric acid 
HCI gas in water 
HCl gas in benrene 
nitric acid sol'n 
sulfunc acid sol'n 
sodium hydroxide sol'n 
potassium hydroxide sol'n 
calcium hydroxide sat'd 
ammonium hydroxide sol'n 
alcohol sol'n 
sugar sol'n 
acetone sol'n 

Definition of an electrolyte: a solution sshich conducu an electric current. 
Important constderaUons 

1. \Vhat kinds of substances are electrolytes? 

2. List here the acids uhich hate a high degree of ioniraiion (strong acids). 

3. List here the bases which hate a high degree oi ioniraiion (strong bases). 
(This information is important, because it is the basis for a later experiment.) 

Going further 

In the experiment on ions, you measured the strength of acids (or degree of 
ionization) by conductivity. You can abo measure the degree of ionization by 
measuring the rate at which a metal dissolves in various acids. Make dilute 
solutions of some acids as you did in section I of this experiment. Have ready 
small strips ol magnesium ribbon I cm long. Check the action of the acid on 
the metal. 

Type C— some lalilude, init'iol direction froin teacher. A xvorksheel: on an 
experiment. 

ir/iflt « a conlTotled experimentf Is moistuie necessary in order for mold to 
^QW on bread? Set U9 an ex^eutnent. with a.cnniral tn betp ajj.sjtec tb/t rijuao.vm 
about mold. Here are some suggestions. My procedure: (a) Expose a slice of 
bread to the air until the bread is dry. (b) Break the bread into two pieces, (c) 

Moisten one piece; leave one piece d^. (d) _ 

(e) 

My observations of the results: . - 


My conclusion: 
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Typ« D-considereble lalitode, "experiment" suggestion from teocher. 
The student has an opportunity for a Eurelta. 

Dots black cloth or tukue cloth absorb more heat from the sun? In order to 
answer this question, plan an experiment to get direct evidence about the ability 
of black and of white cloth to absorb heat Outline your procedure, list the facts 
obtained, and state your conclusion 

Purpose of my expetirnent . — — — 

Plan of my experiment (illustrate this in the space below). 


Facts obtained - - . 

My conclusion 

How do you apply your conclusion to 
summer wear? 



your selection of clothing for winter and 



Type E— considerable latitude, bare suggestion from teacher 

Do protozoa select then food* Docs a protoroon lake in all lubsiances in 
the water or does it select special materials as food? Dense a simple experiment 
to find the answer, get your teacher's approval before starting. Then carry out 
your experiment. 

Type F— jointly planned. A "problem occurs to the class" and the teacher 
and students plan together; several days are used in working towards the con- 
cept (see p, 44, Chapter 2, Teaching the Ways ol the Scientist). 

Type G-sludent-lnitleled. The student plans the work independently and 
works day in, day out, in the laboratory (see pp. S8-40: also p. 178). 

Probably all variations of laboratory lessons, from Type A to Type G, 
are attempted by the most skillful teachers. No doubt it is reasonable to ques- 
tion a course whose laboratory procedures are of Type A only. 

Whether or not we approve or disapprove of workbooks, the fact remains 
that they are used thtou^oui the nation. And as we see it, their main func- 
tion is to give youngsters a chance to do. to experience at first hand, as viell 
as to readj the cultural heritage of science. 

There is no evidence that youngsters learn better through laboratory 
work than through lecture demonstration or demonstration^liscussion. As a 
matter of fact, the weight of the evidence (necessarily but unfortunately 
based mainly on paper and pencil tests*) is on the side of demonstration- 
discussion and lecture-demonstration. But this sort of ‘'experiment" (if indeed 
demonstrations are acceptable as experiments) neglects two phases of labora- 
tory work. 


9 See, tor example, Katph E llonon. Jlfe«$ura61e Oulromi 
H'orfc m High School Chemulry, Contnbuuoos to Education No 
Teachers College. Columbia Unneisity. N. Y. 1923. and Harm' 
of Physics. 22, 442, 452, 1954. and 23. 8S. 1955. See also our Chaptc 
Btry. and 14. The Course in Physka. 


« of Individual Laboratory 
'303, Bureau of Publicauons. 
Kruglak, American fournal 
•n IS. The Course m Chera- 
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1. Skills— c.%., responsible use of microscope, Bunsen burner, graduate 
cylinder, balance, slide rule, and ihe like— ore taught not by lecture demon- 
stration but by doing in the laboratory. 

2. ^Vhile information which is part of the history of science (Oersted’s 
experiment, oxidation, structure of Ihe amoeba) can be taught (in the sense 
that students can recall it) as well by lecture and discussion-demonstration 
procedures as by repetition in the laboratory, most youngsters enjoy working 
m the laboratory. Apparently the psychological framework of initiative and 
responsibility provided b\ the laboratory is appealing to them. Unfortunately 
too many of them lease high school science with the notion of the laboratory 
as a shop, rather than as a place for investigation. But es’cn when used as a 
shop, the laboratory is often a welcome diversion from the chalk-talk, or lec- 
ture, type of science leaching. 

In the solumes accompanying this text, A Sourcebook for the Biological 
Sciences and A Sourcebook for the Physical Sciences, the teacher will find a 
rather complete description of laboratory and demonstration practices as 
well as those useful in conducting field trips. The tables of contents for these 
volumes are given at the beginning of this one. 


Summary 2: the lesson 

have discussed in (his chapter practices in winning participation by 
students in one's class. \Ve have described ways of winning participation in 
concept formation mainly by the method of questioning. We have indicated 
the strengths and limitations of the lecture approach an(l we have delved into 
the “laboratory exercise.” 

The teacher is known by the lessons he gives. He is also known by his 
success in dealing with students who find science difficult and those who find 
the course so easy as to be boring. This means that the lessons of the skillful 
teacher cannot be standardized; they must be as varied as the students in the 
classes he teaches. An almost impossible task, it is approached daily; some- 
times one carries it off. 


An excursion info mefftods 
of winning parf/cipofion 
of one's sfuefenfs in /earning 

7-1. As we have said, this chapter is limited to the three major types of 
lessons; the discussion (with and without demonstrations), the lecture, and 
the laboratory. Nevertheless, the teacher does plan textbook lessons, film 
lessons, field trips, projects, reports, and so forth. All these, and others, are 
variations of the three types we mentioned; e.g., the field trip is a type of 
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"laboratory teson" You may trani to tur» now to what we contider "tools” 
of the teacher, Section V of this book which includes among other tools: 
Textbooks 
Films and filmstrips 
Demonstrations 
Projects 

7-2. Pcriiaps you \vouId like to analyze the "slightly used lesson plan which 

Objectues _ 

1. To reslue that dillerenl factors may be responsible for the same 
differences in flame color may be produced by temperature differences or by 
different substances glorimg or burning. 

2. To show that some substances may be identified by their flame color 
and that simple tests are not always conclusive, but that refinements narrow the 
possibilities. 

3. To suggest that there ore several related but different means of produc- 
ing light, of sshich one of the earliest was the arc. 

f. To show that the are light completes la circuit across a gap by means of 
an eicelrie discharge— a disiinciion from eleelricai conduction through a wire. 
Previous baVs lessor: Flame and diagram, burned caibon. 

Outline 

1 Review characteristics of flames, seasons for variety of colors 

2 Carbon in ^imneys. 

8. Study Bunsen burner flame, closed and open, compare. 

4. Add cheaiuls to flame, modify reasons for color differences Note color 
of electric bell sp.trk. 

5. hfeans of producing light: sun, lamp bulb (hot wire), photoffash. Metal 
will burn, magnesium, heat, copper wire, iron wire, 

6 .Are light, brief history, complete circuit, construction, 200 amps X 
volts equals 6,000 watts Vaporiiaiion of catbon tods, adjust, Welding, spark 
plugs burn back, movie projectors, searchlights. 

(a) Could you, with a lew hours for preparation, leach from this lesson 
plan? 

(fa) Do you know what pervasive and what limited objectives were sought? 

(c) How was the attention of the dass focused on the lesson? 

(d) AVhat cfTott was made to discover what the students already knew 
about the subject? 

(e) AVhat kind of activity would you expect the students to do? 

([) What summary was made? By whom? 

(g) What might have been done at home by the students before this les- 
son was giien? 

(h) AVhat assignment was given? 

(i) What would you expect to find occurring in this class the next day? 

(j) AVhat aspects of the lesson seem especially commendable? 

(k) How would you restate the lesson plan in a more useful manner? 

(l) What behavioral objectives might be sought? 
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7*3. I> (I)crr a tjx-rial prolilrm In planning llic Inwin for ilir “reluctant rtu- 
dent.” tlic ”»low learner," the "umler aeliiocr”? \W prefer to call tlir^c tlie 
“science »h>'‘ for the reasons s\c rleselop in the next chapter (Chapter 8). The 
()pn of lessons to l;e gisen, and the mctlimls of ssinning partkipatinn neetl 
to i>e nuxlifial sshen one deals ssith uiulenii sit) of certain ipialitirs needed 
for success in wieirte. rcihajw llm chapter should claim ^otn attention nrcl. 
7-4. Is there a similar prohicm viih ihc "rapid learners," the "gifial stu- 
dents”/ Their iniellcttual needs are clifferent from tltose of the students 
mentioned alNise. And the methods of winning pariicipalion nerd also to he 
modified. I'crhaps Chapter 9, The Science I’rone, has priorii) for sou. 

7-S. N'cscrtheless, a plan of a lesson is a lactic in n master plan. A plan should 
succeed and should hate salue. We Irelicse (hat most teachers' tartirs and 
strairgs' are rareh challengnl. Ho sou agree? Itasc )nnr plans and methods 
eser liecn challengnl as directly as General McClellan’s were hy Ahraham 
Lincoln? 


rstciiisr susstnv, ssAtiitscrov. ti. c. 
Fchfuiry S. IPW 

.tfajor General MiCUllan: 

My dear Sir; 

You JTul I base disonci ami slifferent plans for a mosment of the Army of 
the rntomac-yotirs to be dossn the di<na|>ealr. up the KappalianocL In Utbana, 
and aaoss land to die terminus of the railnud on the York Riser; mine to mote 
directly to a point on the railroad soiithuesi of Maitasus. 

If you ssill gisc me satisfactory amsters to the follosning (piesiions, I ihall 
gladly yield my plans to yoms 

riasT. Does not your plan insoKc a greatly larger capendiiiirc of time and 
money than mine? 

srexisD. M'hcrem it a s icinry mote certain l>y your plan than mine? 

TiiiRO. Wherein is a sictory more saluable by your plan than mine? 
lOVRTii. In fact, uoiild it not be less saluable in this, that it v>oiiht bre.sk no 
great line of the enemy's communications. «|iilc mine ssoutd? 

rirrii. In case of disaster, uotild not a retreat lic more diflicult by your plan 
llsan mine? 

Yours truly. 

Abraham l.inroln 
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CHAPTER 8 


Patterns in teaching science: 

The science shy 


A notf at the lieghtning: In a summary of a study of practices used svith 
and rapid learners in 678 junior and senior high 
schools,* we read "The main conclusion, resulting from 
this study of prosisions and procedures employed by 
science teachers considered to be extremely elTeciUe with 
slow learners and rapid learners, is that these teachers use 
largely the same general provisions and procedures with 
botli groups of pupils. However, science teachers of rapid 
learners use ilic provisions and procedures somevchat more 
extensively and in a tew cases much more extensively.” 

Is it strange that Uie "same general provisions and 
procedures” should be used largely with both types of 
students? Or is it sound? Let us see. 


The science-shy student— his nature 

^\^ly is it that not all students do well in science^ A fable told by Harold 
Hand is in order! * 


Sam SpaiTow and Sid Swallow • botiv below the legal school leav ing age. 
and were bodi enrolled tn ihe same course in fiymg To simplify milters, let us 
assume that the sole purpose of this routsc was to teadi the pupils to fly as sw ittlv 
as pwsiblc tVhen the course began. Sara could fly twenty miles per hour, but Sid 
cou d do forty. Bolli were conscientious pupils, and both studied as hard as they 
muld Each learned evcoihing that u was possible for him lo learn in the course. 
But because nature bad endowed them dilfeTentiy. Sam Sparrow could fly onlv 
forty miles pet hour when he finislied the course, whereas Sid Swallow managed 
fifty miles per hour on hk final examination. 


'Sparrows and swalhnvs, of coui 
mean to imply that our chiljien helc 
differ greatly m iheir capaciiin lo Ic 


t the sam 
diilereni 


>f bird, we do not 


ling Rapid and Slow Lramen m lAe High School Office 
Covcrnmeni Priming OHke. \V aUiin.-l<m. I>. O. 195 t 
d Hand. Pnncipfcj ^ Public Secondary Cdxcatiiin. Harco 


Bulletin 

y. i9v'. 
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For the reasons implied in this fable, we are not ready to use the term 
"slow learner" as specifically applied to learning in science. In our obser- 
vation and experience, poor achioement in science, as in any other area, is 
due to many factors, some of which are described here. It must be remembered 
that none of them operate in isolation. 

His intelligence (as measured by intelligence tests). All other things 
being equal (they never are, of course, but dealing with factors one at a 
time IS a useful means of analysis), the achievement of a student in the 
science courses now given is generally a function of his intelligence as de- 
scribed by his I.Q. score. Present science courses stress the same qualities 
as do intelligence tests: ability to retain and organize information, high 
verbal and mathematical facility, fairly quick reaction time, and other simi- 
lar properties relating to success in paper-and-pencil testing activity. 

Obviously, students with an l.Q. score of 80 will not achieve the same 
score on test items as will stvidents with an l.Q. score of 120. When students 
of l.Q. scores 80 and 120 are placed in the some class and subjected to the same 
standards (expected to attain the same goals to the same degree), then clearly 
the students with I Q scores of 80 will be "slow learners." 

This may not be true of other activities, however; compare their success 
in areas other than strictly intellectual endeavor: running the lOO-yard dash, 
plowing a field of 10 acres (with a tractor), organizing a party, playing the 
saxophone, or fixing an intcrnal<ombu$tion engine or a motor. 

His interest. All other (lungs being equal, the extent to which the indi- 
vidual student is interested in learning the kind of science offered will 
determine the extent to which he achieves success in science. Students who 
are waiting to reach the required age in order to enlist in the Marines, or 
who come from families where "book knowledge” is not esteemed, or to 
whom high school is merely a place to mark time while one complies with the 
compulsory education law, will generally not reach the level of achievement 
expected. Nevertheless, such students can be taught, and can learn, if the 
teaching nurtures the climate of science teaching developed in Section I, is 
based on what is known of concept formation (learning theory) as developed 
in Chapter 6, and approaches class management from the viewpoint of 
democratic planning (Chapter 4). Interest, or motivation, as an aspect of 
learning, is capitalized on to a great extent in such an environment. If a 
student wants something and his course helps him get it, he will be more 
likely to learn to the best of his capacity. 

The nature of the course. All other things being equal, the nature of 
the course determines the extent to which students will succeed in it. This 
is a matter of common experience. Certain students who get grades of A 
(90% or above) in general science and biology may achieve B’s or C’s in 
physics. Physics, as presently given, requires a higher degree of skill in mathe- 
matics than do biology and general science. Since some students have high 
verbal skills but do not possess comparable mathematical skills, they may 
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do \vell in the descriptite aspects of saence but not so well in the quan 
titative. 

This is not to imply that all biology and general science courses are of 
uniform difficulty for all students of equal I.Q. or equal motivation (if such 
“equality” is conceivable). A course in biology which emphashes the minutia 
of classification, the fine points of anatomy, or the mass of detail of the 
botany and loology characteristic of the 1900’s (including detailed drawings 
of objects, studies under the microsoipc, and the use of dissecting equipment) 
may not he as interesting as one which deals with aspects important to the 
student in his daily life, such as nutrition, disease, body physiology, human 
heredity and reproduction. Each student’s devotion to study and application 
mil be different in such courses because each student is a different, complex 
personality. 

His prior preparation, yill oilier things being equal, prior preparation 
(schooling) of a student will affect his success in a course. At Forest Hills 
High School, N. Y., the test scores of students in general science (even 
when equated tor I Q. score, reading score, and mathematics score) varied 
directly with their prev ious training in science • Students who came from ele- 
mentary schools in which science work was practically nonexistent or was of 
the ''nature-study" type, or from junior high schools in which science was of- 
fered only one period per week in the seventh and eighth grades, achieved 
on standardized general science tests scores as much as 25 points lower than 
those who had rich science work in the years preceding their general science 
course. 

Et eetera. We have commented upon only four factors out of the innu- 
merable ones which affect learning In science. The prestige of science in the 
socio economic group from which the student comes, the nature of the 
preparation of the teacher, the guidance program of the school, the destina- 
tion of the student, the nature and extent of teaching maienals, the extent 
of the remedial program, the attitude of the administration, the attitude 
of the peer groups-all help determine whether the student will be science 
shy or science prone. 

^Ve have discussed briefly in Chapter 3 some of the many types of 
science-shy students. In ibis chapter we shall center our attention on the 
major problem which confronts the teacher: how to teach those students 
who are science shy because they are limited in their ability to form concepts 
even under the most favorable conditions. (These are the students some- 
times called "slow learnen", they are a large portion of the science shy.) 
The kind of science taught under the Ubel “college preparatory" is not for 
them. Abstractions baffle them; mathematics above addition, subtraction, 
and division is terra incogmtaj they fail algebni.- memorizaefon of material 
svl^hey do not put into almost immediate use in daily living has little 

s Unpublished results— rant F. Brandwan. 
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appeal to them; their attention span is low (ten to fifteen minutes of class 
time), and indeed, they are readily distracted. Tliey are not college-destined; 
high school is terminal for them— if they can be graduated at all. These 
students are science shy because they are limited in the abilities required for 
learning concepts; they are limitetl in intelligence. They are generally stu- 
dents svithin the range of mental abilities of the class described in Table 8-1 
(p. 153); their I.Q.’s span from 80 to 95,* their reading and mathematics 
scores from 4 to 7 (ninth grade). They’ are science shy and too many times 
"course shy.’’ But they will be citizens; they' ss’ill vote; they svill make deci- 
sions which aRect all of us, and some of these decisions will hate a base in 
science. They svill he reasonably successful in the ordinary business of liv- 
ing; they will be as happy, or as unhappy, as any of us. 

We shall describe here the elements of a successful and practical pro- 
gram as conducted in one high school for those science-shy students who are 
slow learners. Consideration of one sdiool's program, with svhich the authors 
are intimately familiar, should provide a better picture of the inner details 
of class planning and operation, of students’ problems and help, than would 
a more general summary of many schools known only casually. This particu- 
lar program includes aspects of research uhh slow learners which have 
bearing on classroom practice through the factors stated on the previous 
pages. 

We believe that the prinetpUs underlying this program are applicable 
to all schools- We believe further that a good number of the praettces are 
applicable to all schools, large or small. At the very least, this program will 
furnish elements from which the reader can create his own inventions to suit 
his own preferences and his teaching situation. 

Lest there be confusion, we are not dealing in this cliapter with the 
severely handicapped or with mentally retarded children; tliey require con- 
siderably different teaching conditions and specially trained teachers. Men- 
tally retarded children can rarely atuin the concepts reached by children 
with l.Q. scores above 80. There are, by definition of the I.Q. scale, a very 
large number of children with scores between 80 and 100; in fact, over one- 
third of the total population falls into this group. They have many intel- 
lectual needs, but, within school, perhaps even more intense emotional needs 
because they have often failed and been scorned as misfits or outcasts. 

In our high-speed, easily baffling world, the slow-learning child may 
acquire a habit of achievement and success at his own level of ability only 
within an atmosphere of emotional security. Lacking this he rebels or com- 
pletely withdraws from a hopelessly confusing environment. Not wishing to 
fail again on seemingly impossible tasks, he simply may not attempt the task, 
and sometimes may not admit that it even exists. 

‘Our arbitrary limit of 80 lo 95 is based on observations and general practice. Out 
science-shy student is above placement in the mentally retarded group. He u more educable 
if he is taught to read and to deal with arithmetic to hu upper abuiiy. 
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An approach to teaching the slow learner 

The approach to successful teaching o! the science shy begins not ssith 
deseloping a curriculum, nor esen ssith a testing program, but with the 
selection of a teacher to guide these youngsters. Here, as always, the teacher 
is the key: moreover, here the teacher is the limiting factor. The giltetl stu- 
dent, or rapid learner, may persevere and overcome the handicaps of un- 
sympathetic. collegc-preparatory-oriemcd teaching. The slow learner will not 
persevere; he will drop out of school. Docs this seem too dogmatic a stal^ 

ment? » -r , 

Early in the history of this large school with which we arc familiar, it 
became evident that slow learners, in ilic regular hcierogeneously groiif^ 
classes, generally became science shy: they failetl the required courses which 
were the established’ ones throughout the country. This occurred mainly 


because; 

1. The stress in the ordinary course is on mcinoriration of materials 
unrelated to life. 

2. Slow learners, in these established courses, generally had inadequate 
academic tools as shown by their low reading scores and low arithmetic 
scores. 

8. Low reading scores and low arithmetic scores usually, though not 
always, went with low I.Q. scores. 

4. The majority, though far from all, of the slow learners came from 
the lower socio-economic groups where tlie expectancy of entering college 
is rarely an effective motivating factor. 


Organizing f/ie class ond progrom 


The program reported here sheds light on the practices necessary to 
develop these youngsters* abilities to their fullest. It consisted of organiiing 
a class, homogeneously grouped, to study “experimentally" certain practices 
and, later, to introduce the useful practices into all classes where they were 
relevant. The teachers involved felt tfiat it was necessary, not merely to read 
about "successful" practices, but to try them at least once with appropriate 
groups of students. The practices were also tried, and confirmctl useful, in 
other departments of the school. 

One class contained 31 students who had a record of failure in science 
and iiiaihematics courses and whose I.Q. scores, reading scores, and arith- 
metic scores were low (see Table 8-1). These ninth grade children, also de- 
scribed in Table 3 2, had an average age of 15.5 years and scholastic aver- 
generally below 65. Most of the teaclieis involved in the formation of 
dusjl^s felt that such homogeneous grouping was undesirable: nevertheless, 


» We $hiU define "es 
“luecessful" counts are 


Slablished” u ibow rommonly wiigin for (he I Q. range of 110; these 
those generally found in loutiooVs 
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they wanted to study the possibilities attainable with such a group. As we 
shall see, the attempt was successful and informative. 

These students were placed in a “core program” (see Chapter 18 for 
more on core programs). During an eight-period day they were together most 
of the time, but still had two subjects (health and physical education, plus 
music or art) outside the "core.” Three periods daily formed the center of 
the core, whose central topic was “Understanding Oursehes and Our Com- 
munity.” (Note the emphasis upon themselves at the center of this study.) 
Through this topic they learned science, mathematics, civics, and communi- 
cation skills from two teachers working together. One period svas used for 
supers'ised study within the same classroom. Lunch took another period. 
The final period each day svas reserved for spieciat skills: this svas often used 
for group or individual remedial assistance. In addition, all these pupils had 
the same homeroom teacher. 

The underpinning of an approach with sloiv learners consisted in em- 
phasizing four things (each discussed under a separate heading below): 

1. Guidance, aimed with concentrated effort at reinforcing goal seek- 
ing through regular discussion of the purposes of the work planned. 

2. Planning; aimed at improving the relatioiuhips of teacher and stu- 
dents through joint planning of work to be done. 

3. Special curricular design: aimed at developing only the most signifi- 
cant learnings, through teaching less but teaching the important things well. 

4. Special teae/img pattern: aimed at maintaining interest through use 
of the most effective devices, whether auditory, visual, manual, or the like. 

GuiVanee 

The slow learner brings himself to the attention of teachers by his 
failure in tests, or in the daily "test”: class discussion. There his failure to 
handle concepts is apparent. Tltis, in addition to the pupil’s record on past 
accomplishments, should be a sign to tlie teadier, and usually it is. Often, 
howeser, the teacher can or does do little about it. Often we hear that the 
teacher has too many students and cannot find the time to help a few slow 
ones. Other times we hear that “standards must be maintained in my class- 
room.” In some schools it would seem that the student who has failed a 
course has failed society and disgraced himself and mankind. Yet, by defini- 
tion, only a little more than half of the children in junior high school can 
base I.Q. scores above 100 (some of the students with the lower l.Q.’s will be 
in special schools or classes for the mentally deficient). Also we know that 
intelligence is a strongly inherited characteristic and that parents of high abil- 
ity often nurture similar abilities in their cliildren. But no child can choose 
his parents. Does it follow then that some children must fail so that sve can 
demonstrate that we base “standards” in courses? Does the compulsory 
school attendance law foredoom many children to continuous failure until 
the age of 16? Surely there is a need for wisdom and humaneness expressed 
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through guidance T\hich must do two things: help the student understand 
himself, and help the teacher aid the student. 

In the program we are describing, the homeroom was a group guidance 
period, .^nd once a during the three period core there was group guid- 
ance But, in addition, since a good deal of the scork was planned indisidu- 
ally and in small groups, there was indhidual guidance throughout. That 
IS, the boy or girl had opportunities to "talk himself out” to the teacher. 

During the group guidance periods the students introduced and dis- 
cussed such topics as: 

^\^lat kinds of jobs arc thctc- 

Dating. (How late? ANTsen? Where?) 

AVliat is the purpose of school, anyway? 

Hqsv do we get along s\iih certain teachen? 

How can we memorize better? 

How can we study better? 

^VTiat subjects should we take? 

\\'hat is college good for? 

Indhidual discussions were around prhate and personal affairs. They 
concerned ihemseUes with problems of getting along with indhidual teach- 
ers and indhidual boys and girls, with failure, jobs, shyness, aggressheness, 
disciplinary problems, and just psychodramatic, or role playing, talk. 

In any esent, the boys and girls in the course were helped so sufficiently 
by this program, in which guidance played such a large part, that about 85% 
of those enrolled in these courses over several different years (following the 
work described in this chapter) remained in school until graduation. In the 
control group, only 60% remained. 


Planning 

To Aose who are convinced that this kind of teaching ignores subject 
matter, the idea that students, particularly these studenU, can take part in 
p annin,, t e course may be quite a shock. Yet planning, intelligently done, 
allovv-s students who do not undenund the function of education and who 
have lost faith m scholarship to begin to understand the reasons for their 
failure, and to gain confidence in planning their owm individual work, now 
and m afier school years. 

ih.. ■'r •““'io” h a.e locher. 1. merely mean, 

wheiher the. a . ” * ^ >» 'h' I«»«. j-JEt 

n o™ ef^ T "• "■* ‘°P“ •»'y "-“M I'tE ■" •■‘H- 

our expenence ,h„ ,e.„l„ i. 
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TABlf 8<! A ninth-grade class ef (he science shy 


Entering clast 
(entered 9/19) 


Id. 



Reading 



Arithmetic 



9/19 

3/50 

PX. 

9/19 

4/50 

px. 

9/19 

4/50 

■vovs i 

84 

as 

no 


85 

12.0 

43 

56 

7.6 

2 

92 

abs. 

97 

65 

abs 

60 

55 

abs. 

65 

S 

85 


— 

6.9 

81 

12.4 

6 1 

55 

8.7 

4 

72 

77 

76 

65 

66 

50 

— 

4.4 

59 

5 

83 

101 

99 

68 

85 

89 

7.7 

86 

90 

6 

87 

84 

lot 

75 

90 

95 

45 

7.9 

86 

7 

88 

95 

m 

6.7 

74 

95 

91 

9.3 

120 

8 

S3 

83 

78 

38 

8.1 

60 

66 

65 

75 

9 

83 

96 

93 

7a 

75 

8.7 

9.1 

11.0 

120 

10 

80 

92 

96 

56 

65 

95 

7-7 

88 

12.0 

11 

82 

83 

lOO 

6.4 

85 

96 

7.7 

75 

90 

12 

69 

91 

96 

65 

75 

85 

c; 

88 

75 

IS 

83 

89 

91 

75 

73 

8.1 

60 

75 

11.0 

H 

89 

abi. 

89 

59 

abs. 

tirop 

58 

abs. 

drop 

rt»rt 1 

83 

abs. 

101 

75 

atM 

85 

7.7 

abs. 

12.0 

2 

83 

90 

97 

75 

75 

80 

9-4 

120 

120 

3 

85 

abs 

92 

7.0 

abs 

7.9 

9-4 

abs- 

109 

4 

91 

102 

tOi 

7.4 

69 

7.8 

7.7 

79 

90 

5 

79 

93 

91 

45 

56 

86 

6.4 

120 

120 

6 

87 

99 

no 

8.7 

85 

90 

6.1 

95 

120 

7 

at 

99 

92 

69 

67 

76 

55 

65 

10.0 

8 

74 

73 

82 

7.0 

64 

79 

59 

55 

65 

9 

66 

83 

98 

71 

55 

69 

66 

05 

115 

10 

87 

81 

86 

75 

75 

drop 

79 

7.7 

tfVmp 

U 

82 

83 

88 

61 

5.4 

66 

85 

79 

115 

12 

75 

87 

81 

61 

7.4 

62 

6.4 

6.9 

9.3 

IS 

89 

89 

90 

7.4 

6.4 

8.0 

7.4 

79 

80 

14 

»4 

101 

106 

9.4 

96 

9.8 

55 

65 

67 

15 

87 

92 

lOi 

64 

75 

86 


75 

11.6 

16 

85 

88 

83 

68 

5.1 

7.0 

9.1 

95 

100 

17 

75 

81 

82 

55 

59 

65 

55 

5,7 

60 

oass Avtjcvcc 82 7 

• Previous school. 

905 

915 

69 


85 

69 

80 

96 


necessary choice of the most important for study in class. Usually the stu- 
dents svill agree to undertake reading on the other topics out of class and 
report to the others in class. 

In short, with slots- learners, especially, we hate found the democratic- 
planning approach of Mr. P. (Chapter 4) exceedingly useful. And t\e repeat, 
because there is considerable Tnisuiuleistanding of the results of planning, 
that more subject matter is learned when students help in planning the 
course than when students submit to complete authority or tthen they domi- 
nate through a laissez-faire approach. It is well, hot\e\er, to remember that 
slow learners are not college-destined; one need not assume that established 
courses and the memorization of the standard material will serve them best. 

In any event, slow learners greatly need to develop confidence in the 
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school, in the teacher, and especially in themselves. Planning the course 
with them helps to do this. 


Speciol curricular design 

Slow learners do not seem to succeed in the kind of mathematia {par- 
ticularly the abstract symbols of algebra) which is required of most college- 
destined students. Neither do they succeed in courses requiring a great deal 
of mcmoriiation, for example, classical or foreign languages. 

There are those who have said that, this being so, these students should 
not be in high school. Possibly so; but their parents, fellow citizens and tax- 
payers. wish it otherwise. They want their children educated to the best of 
their ability, and the state legislatures have passed compulsory school at- 
tendance laws. Slow learners are interested in science and can succeed in it, 
if the course is divested of detail meaningless to them (memorizing insect 
mouth parts, classification, chemical formulas, and the like; in short, in- 
formation they can look up if they ever want it). 

For the students Imed in Table 8-1, the practical curriculum offered con- 
sisted of general science, biological science, and physical science (a one year 
course, see Chapter 16). nonalgebraic in nature but including the necessary 
anilimeiic and dealing with relevant materials, for example: • 

A’ot the chemistry of preparation of bromine and of electronic balanc- 
mg. but the chemistry of materials found in the home {sodium bicarbonate, 
soap, etc.). ' 

Sol the anatomy of the perch, bm the anatomy of man. 

I T' '"'‘'S', bui ihs phy.ic! me. day in 

and day out by the students. ^ ^ 


Special teaching poffern ’ 

We “ '“''■‘“S "bn -cience ,h, ..udent, 

raisin- of r «*P°'M»blc for the success reported in Table 8-1: general 
r T'- "" ' 'i- .bon, 85% ot .he 

,.,e?.heiZ cl»m in two ,uece„ive ,ea.s 

.hotrf it ' , m.e.= )ou„s„e„. i, t, „membered, 

and needs.) " -'"dies adapted to their abilities 

__I^.h. ...o contto, ,ia„„ ^ ^ 

‘ T S!* *? ‘*^’"5 "« of ih«e particular courses 

dmilla.ion Of ih* *^'"6 ""h The ^l^cV.hy” is . 

expertenert m teaching sloi« learners AI» ol>'Mvaiions of teachers specially 

eiied at the end of the chapter ,o m the literature 
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arilhmetic scores changed little; and, as was indicated, only 60 per cent re- 
mained until graduation. 

The pattern used, recounted below, is a reasonable one. This teaching 
method 15 useful within a core, or in special classes, and we believe that it is 
generally effectue. 

Note Ave say "teaching pattern.” Often the expectation is, especially by 
inexperienced teachers, that there is one teaching method which is best for 
this group or that. The search for the equivalence of the philosopher’s stone 
m teaching is futile. 

When one has a teaching problem, one asks "why,” then "how.” The 
"why" we haxe discussed in the previous sections of this chapter; we hase 
expected of the sparrotv the flying speed of tl>c swallotv. Worse than that, 
we have tried to force the sparrow to fly at the speed of the swallow, the 
sparrow has failed; the sparrow, furthermore, has shown resentment, has 
rebelled, and has finally been defeated. If we were only dealing with spar- 
rowsl U'e are not. We are dealing with human beings, and each human being 
has dignity and moral rvorth of his own. Is this to remain merely a slogan, or 
can it actually be expressed in otir behasior? 

In the method practiced our major purpose was to have these boys 
and girls tcgaiir faith \n themselves; but we were not content with that. 
Once faith was regained, it was to be followed by good work. Good work was 
defined as work to one's capacity More tlian llrat, the student was expected 
to w'ork affably in response to what must have been for him a very difficult 
school situation. 

Let us assume that the first weeks of the term are over. During this time 
we have discovered what interests these students. We have determined what 
they would like to learn, discussed their suggested topics in class, and finally 
decided upon a ‘‘first’’ topic. We have established rapport. At least the stu- 
dents recognize that we are not interested in finding out ivhat they don’t 
know, but rather what they do know and, furthermore, that we are interested 
in helping them. 

The pattern of the lesson. One of the first things a teacher learns about 
slow learners is their relative inability to give attention over the full span of 
the “normal” period. Forty to sixty minutes in a given activity, particularly 
if it is listening, or even discussing, seems too much for these students. We 
therefore divided our period of -10 minutes into three subperiods of roughly 
\b, \b, and T5 minmes. Toward tlvc end of vbe mm -«e were able to have 
only two subperiods of activity, of 10 and 30 minutes. After seven months 
(we had these youngsters for a year), the full 40 minutes could be spent 
profitably on almost any simple aaivity, and with "good discipline.” 

To the reader: In the control group where the "noTmal” pattern of a 40- 
minute period u-as maintained, there were often interruptions in the work 
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due to "poor discipline," i.e., excessive talking, inattention, even a scuffle here 
and there Peihaps you have heard of similar "difflcult” classes. 

TiiE FIRST SUBPERIOD (10 MiNiTiES). Tlic lesson generally began with 
an interest-begetting acti\ity. But in this case the beginning activity {the 
pre-Eureka, see Chapter 6) was usually “visualucd’’; it was an activity in which 
all participated For instance, in general science— 

A lesson on respiration. “Take a deep breath. Hold it as long as you 
can. Then explain tvhat happened in your lungs.” 

A lesson in wiring a fircwil: Screw drivers had been brought from 
home. Ail had the problem of wiring a lamp so that it would light. They 
worked in groups of four. 

A lesson on the action of leavening agents: All prepared dough, some 
with yeast and others with baking powder. They worked in pairs. 


In each one of tliese examples either the text or mimeographed material 
was available for reference. To our minds, this is one of the most important 
procedures to be follotved with slow learners, wherever possible the activity 
should include reading for a clear purpose, because, generally, these students 
have low reading scores. Also, wherever possible their activity should include 
woriiing with others, because they often display poor discipline, which may 
be defined as an inability to v»ork with others Within an interesting context 
we can encourage both reading and working with others, 

After the students finished the initial moiivaiing activity (and different 
students did so at different times), they were asked to write down a summary 
of what they had done or observed. This wTiiing activity followed every 
activity period. During this very brief writing period, consulting with neigh- 
bors was discouraged. The students could consult their texts, the dictionary 
which had been given to each of them in addition to their texts, and a small 
reference library in the classroom. 

Also, while the students were writing down the summary of their "moti- 
vating” activity, the teacher was often vbiting with them; he would sit down 
beside a stucient and talk briefly with him as he examined what was written. 
At first the students were very self-conscious and ill at ease, but soon tliey 
learned that lie was tlicre to help. In this w-ay, the teacher was able to have 
six to ten individual chats a day. Every lesson portion culminated in a writ- 
ing activiiy: during each writing activity the teacher visited several stu- 
denu. \Ve consider this procedure of the individual visit exceedingly impor- 
tant with ail siudcnis, but especially with slow learners. 


•niE SECOND SUBPERIOD (15 MiNUiTs). The nexi portion of the lesson 
was given over to discussion of the topic of the lesson proper; the motivating 
period was to he milked dry. The boys and girls had written down their 
impressions, and had referred to a text; they had a good idea of what was 
to go on. In many cases, considerable interest was generated. 

lor the discussion period a single rule was instituted by the teacher: 
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he said, "Only one person talks at a time; when I talk you should not talk, 
and when you talk I shall not interrupt.” After a number of reminden, 
students could carry on a discussion. Another help was offered them: ^Slien 
they wanted to speak, they raised their hands to the student speaking (he 
faced the class); he called on the \oIunteers. Soon the youngsters got into the 
habit of calling on each other; the "recitation” became socialized: that is, 
it became a discussion. We consider this procedure important; the lesson is 
not to be a recitation to the teacher, but a discussion by the class in Achich 
everyone participates. 

was the teacher’s function? He raised his hand to the speaker on 
the floor when he had a question. Most of his questions were designed to 
move the discussion along the road toward a solution of the "problem," or to 
question an incorrect statement. For example: 

1. 'Who will find out tvhal an x-ray is? Will you report to us? When 
will you be ready? How long will you need for your report? (These individual 
reports tvere limited to three to four minutes per person. A single oral report 
by a committee was normally not allowed more than 10 minutes; a longer time 
was allowed only if visualization such as a film, filmstrip, or demonstration 
was used.) 

2. How does steam make the svheels of an engine go? (After a youngster 
had remarked that steam "gave the push" that made an engine go.) IVould 
you like to see this at work? (A field trip to the boiler room was planned 
as a result.) 

During the discussion the youngsters were expectetl to smte dosvn a 
summary. When the discussion ended, they s%ere expected to volunteer to 
read this summary of it to the class. We consider this procedure important; 
slow learners generally seem not to be able to svrite down summaries of what 
they hear. Hence the need to give them an opportunity for the activity of 
preparing w'rhten and oral summaries. 

The net result, then, of the first 25 minutes was svhat might be con- 
sidered the ordinary lesson of 40 minutes. The time has been saved mainly 
in the extent of the topic covered and the detail with which it has been 
analyzed. For instance, the topic "IVTiat is an electromagnet?": for motivat- 
ing activity, groups of four students made an electromagnet (spike, coiled 
wire, dry cell, brads); the discussion period was spent in comparing an ordi- 
nary magnet, and how it worked, with the electromagnet. The youngsters 
took quite a bit of time to demonstrate that it must be the electric current 
which made the metal magnetic. Simple? Yesl But for whom? 

THE THIRD suBPtRioD (15 MtSOTEs). This Consisted of an extension 
of the lesson and preparation for the next day’s work. To continue the 
example: The students read about electromagnets in their texts and other 
reading materials. They read this material in class, and took notes on it. 

IVe consider this procedure important with slow learners especially; 
youngsters who have not had experience in study should have that experience 
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immediately after the activity for whidi study is desired. This seems to help 
these youngsters milk their experiences dry; in addition, it helps set a pat- 
tern for home study. _ . 

In any esent, we find that youngsters who do an activity, discuss it, then 
read about it, in a continuous time sequence, reinforce their understanding 
of what has been going on. And each ume they culminate their experience 
by wTitwg down a summary of their understanding. 

We have said that tlie lesson was really three lessons: 10 minutes of moti- 
vating activity, 15 minutes of discussion, and 15 minutes of study through 
reading and writing. We might have said four lessons: at the end of the class 
tile youngsters noted the lesson planned for the next day; this was the as 
signment" placed on the board by a committee which had helped the teacher 
organize the work related to the topic (Chap. 7). The last three to five minutes, 
therefore, were usually given over to examining the next day's work in the 
text, or on the bulletin board, or through the showing of a few frames of a 
filmstrip dealing with the coming lesson. 

This was to help students m iheir home study of the next day’s work. 
We found it rewarding to take the time to help students direct their home 
study. 

Now one might think the lesson was highly structured. Structured is 
hardly the word; it was planned meticulously in order to assure the complete 
involvement in learning of students who had "failed" in their work, to recog- 
nize their low attention span, to overcome their difficulties in communication 
skills (reading, writing, and discussion), and to help establish the healthiest 
kind of rapport. 

Slowly, but with a commendable, recognizable shift, these students 
gained confidence and began to assume a degree of competence. They began 
to engage in intellectual activity, in begetting Eurckas. ^Ve have reason to 
believe that slow learners must develop confidence in the school, the teacher, 
and themselves, before they can gain competence in the kind of things the 
school finds important. 

As students obtain confidence in themselves it is a glorious— yes. glorious 
—surprise to the teaclier to find that they know a great number of very use- 
ful things, and are willing to work. For insUnce. in a group of youngsters 
who had "failed science," two of them knew more than we did about the 
practical working of the gasoline engine; one collected insects: another was 
an expert with pigeons; another with tropical fish; others knew a great deal 
about boats, horses, cooking, jazz, painting, carpentry; and half the class 
could speak another language, among many other things. One boy who 
translated Redi from the original Italian (with help on the technical vocabu- 
lary) learned to his joy that hb other language, of which he had been 


Jn short, these 
continue learning, i( 


yoiingvten began to atuin status. To slay in school, to 
t seems fairly clear, one must have selfesteem and status. 
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The pattern of the day. For our slow learners, we had determined on a 
core program. In the ninth grade, this meant a program as follo^vs: 

Period 0 Homeroom (10 minutes: one 30-minute guidance period once 
a weel) 

Period 1 j 

2 I Core 

3 I 

4 Study— lunch (conference) 

5 Study— lunch (conference) 

6 Health— physical education 

7 Music— art 

8 Special skills— remedial work in math, science, or English, oi 
study, or special projects, or time for special problems, even 
personal ones 

Because setcral classes were imolved, periods 4 and 5 were given over to 
a combination study, lunch, and conference. The eighth period ts’as given over 
to remedial tvork in subjects or topics with which the student had difficulty. 
A student who had been absent could catch up; a student who had personal 
problems could talk them out. 

The potlern of the week. Generally speaking, each lesson and each day 
had sometvhat the same pattern. 

E\XR\ v-xtR.. One oC the G\e tseekly “periods” in science was spent in 
supervised study of uTitten instructional material. The aim svas to help stu- 
dents gain skill in using books, tn undenunding what they read. The tech- 
nique used during these periods was as follou-s: 

The students t^ere introduced to die technique, when first they asked for 
textbooks, of “looking up” certain materials. (VVc prefer to ghe students their 
texts when they ask for them; too often the distribution of textbooks Is made 
routine and matter-of-course, when it could pack ''motivating” power.) In a 
joking way, the teacher remarked, “I suppose you hate used textbooks before.” 
When students nodded, he said, “Open your text to page 127.” The teacher 
then asked the students to read silently a paragraph on the page selected. 

To the reader: H'on’t you do this nowT Read paragraph 1 on page 37. IVften 
you finish reading the paragraph turn back immediately to this page, then 
foUoTc the instruelions given in footnote 8 on p. 160. 

Of course, you didn’t have any difficulty. But in our experience most, if 
not all, students at the junior and senior high school level, slow or rapid 
learners, are unable to do this. They have not gotten into the habit of reading 
for meaning. But the procedure and the request are repeated; "State the major 
thought of the paragraph as bricQy as you can, in one sentence if possible.” 
A few students now are able to do it; but what is more important, the students 
now know what to look for. 
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noiebooVs; for the next tv.o tests, only their notebooks. Therealtcr they sveie 
to rely on their increasing ability to sustain ihemselres. 

EVFRY MONTH. Each month the youngsters had a full-period test for 
which preparation was made in class. Tno days ssere spent in resiew of ma- 
terials learned. One period was spent on a test involving short-answer "situa- 
tions" (Chapters 19 and 20) and essay items. The next period was spent in 
discussing the test. A good deal of time was spent in discussing how to "take" 
tests. 

The first month’s test was given as a sample; the youngsters did not turn 
it in unless they wished. The second month’s test and tJiose thereafter were 
turned in. 

This procedure in testing seems to be comparatively unique and we 
earnestly recommend its trial. The test developed was liked by the youngsters, 
or at least it was laced without the usual distress; parents Uk.cd it as well; it 
had the interesting characteristic of stimulating youngsters to study and to 
read beyond the requirements of the day. It has always worked for us. The 
test is fully described in Chapter 20. 

Wliy spend so much time on this procedure? Because these students, these 
slow learners, had a mortal (is the word too strongr) fear of tests. v«'hich they 
had so often "failed." Tlieir confidence had to be built almost afresh. They 
needetl to discover that tests could be used to determine what one understood, 
what one had failed to undentand, and how one could continue to grow, to 
advance. 

Special techniques. \Vhenever one attends meetings dealing with eflective 
metht^s of teaching slow learners, one finds stress placed on the use of visual 
aids (see Section V, Tools for the Science Teacher: The Film, The Chalk* 
Imard. The Filmstrip, The Field Trip, etc). Yet it is not through the exten- 
sive use of visual aids (hat special help is given slow learners, but through 
the way they are tued. In our experience, the best way of using visual aids con- 
sists in our central aim in developing teacliing technique to be iniercsting. not 
boring: and in so doing, to make students do their "damnedest with their 
minds, no holds barretl." This applies to all learners, whether they are slow, 
moderate, or rapid. 

What then arc the diCIcTcnccs in dealing with "slow learners," the Kicnce 
shy, as compared with the "rapid learners" or “niodcraic learners'"? 

1. In the suppoTlife technique used by the teacher. Slow, moderate, and 
rapid learners netil support, but slow learners need the most support. Slow 
learners have failed previously and need successful practice in the things de- 
manded of them in kIiooI. (Rapid learners have succeeded in the things de- 
manded of them in school, but nerd support in inventing, in imagining, in 
breaking away from conformity to the things which denote school success.) 
.Slow learners need, in short, to attain status. Such remediation as is practiced 
should l>c done in lull realiration that its intention is to be supportive. 

2- In the expectation of the kind and amounlt of neerss to Iw attained 
by slow learners. 
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In addition, the students arc asked sshen ihcj' read anything to ssrite down 
their brief summaries of major thought, paragraph by paragraph. They then 
have a summary for ready refctcnfc of what they Jiate been reading. 

This simple technique was the tcntr.il one in helping students to improse 
their reading and study habits Once a sxcck a lesson was selected for study in 
this way. The moiisating activity was still a denionstration, a class activity, a 
film, ora filmstrip, but the next iwosubpenods (15 minutes each) were devoted 
to solving by rearfiiig the "iiroblem” raised m the motisating actisiiy. After 
the first 15 minute period, several minutes were taken to permit the reading 
aloud of some of the summaries. 

Naturally, the students were tauglit also how to use the table of contents, 
index, glossary of the text, and the dictionary (abridged and unabridged), as 
well as the library. Once a month a lesson which demanded going to the library 
was planned. 

AVc beliesc this is another impori.int procedure with slow learners; they 
need tlie opportunity to Ifttm to read lor meaning. By the way, students regu- 
larly repotted that they had reduced the time necilcil to do their homework 
alter they learned this technique. And generally speaking their reading scores 
went up. (The reading scores of ihe control group went up also, but, with the 
exception of two students, the rise was not as remarkable as in this "experi 
mental" group ) 

At the end of two months students generally were using their notebooks 
well, they were reporting in than summaries of major ideas gleaned front class 
discussion, from observing films, filmstrips, and demonstrations, from partici- 
pating in laboratory work, and from reading. 

Soon we found that some youngsters learned to read very well; their test 
scores showed that, in one sense at least, they could go into the “normal" stream 
These were permitted to replace the sujKnised reading period with .i project 
period. They worked on such projects as arc listetl in Section \', Tools for the 
Science Teacher: The Project 

At the end of tlie term each yotmgsiec Jiad developed at least one project 
of his own. yy'e gave over a week at that lime for youngsters to present their 
individual projects to their classmates. We also liad a small '•Science Fair" with 
three prires tor the best exhibits. 




The core idea lent itself cxreeilingly well to the project idr 
one day or another two, or even three, jicriods could be given over to inc 
project, or to any individual or group activity, such as a play or a field trip. 

EVERY TWO WEEKS. Every two weeks the youngsters had a short lest 
which they themselves corrected and, for the first two months, did not turn 
m unless they were satisfied with their grades The test was usually a short- 
ansvver orm (see Chapcen 19 and 20): multiple choice items testing simple 
recalh some experience recall, and a “thought question" or two. 

youngsten were permitted to use their t 




g semence, in your own wordi, lUte the main thought of the paragraph. 
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difficult detail, or quantification) is-erc directed at them. Examinations were 
designed in which their scores were adjusted so that if they worked to their 
fullest, they “passed.” 

In our general science courses we liiiaUy found it convenient to practice 
heterogeneous grouping. With all young people in their junior high school 
years (seventh, eighth, ninth grades; slow, moderate, rapid learners), it is a 
good practice to break up the period just as we did for slow learners. This 
helped all the youngsters, particularly those who had just come from an 
elementary school, to develop greater personal control. M^e found, too, that 
e\en the best students benefited from help in learning how to read. Since one 
and esen two periods a week could be given over to individual work, both 
project and group work, ample consideration was given to individual differ- 
ence. In addition, different texts were used, as well as the individualization 
of instruction described in Chapter 3. 

After general science, there were as'ailable courses in biology and physical 
science which were characterized by the absence of quantification and excessive 
deuil (see Chapters 12 and 14 on tl>e courses in biology and physics). The 
justification for these courses, in a large school, resides in the fact that if 
students are permitted choices with intelligent guidance, they generally make 
sensible choices. The important thing is that no stigma be attached to the 
choices made. While this is difficult to attain, it is worth while to seek. And 
while perfection cannot be reached, a reasonably efficient operation may be 
established, 

Grades 

Inevitably, from the ways in which schools operate, grades for this group 
of the science sliy were required. On what basis could they be given? According 
to the "normal standards" these students were probably doomed to failure, 
which is vshy they vtere in this special group. But once this was known, they 
could be graded on the basis of their effort, which was quite apparent, and 
their achievement on projects and tests. Certainly these grades could not be 
used for "college admission”; but no one was v»-orried, for this was an unreal- 
istic criterion from the start. Therefore the grades generally ranged from 65G 
to DOG; the G implied that iliis was a "noncollege” course. On the scale used, 
60 was considered the borderline between failure and passing. Similar "non- 
college" grades were given for the special sections in biology and physical 
science chosen, with advice, by these boys and girls. 

Wliy did wc develop, beyond the general science level, courses which per- 
miiied what might be called homogeneous self-grouping? A large school in- 
cludes sudi a variety of abilities that special groups would permit diildrcn to 
compete wiili their near e<]ual5. Also the numbers involved permitted this 
arrangement to be economically practical. It b in practice one form of what 
it often termed "individualization of instruction." 
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3. In the scheduling of the rate of attainment of whatever success they 
achieve. 

4. In the expectation of success in quanUfying phenomena (abstract malhe 
matics is generally not for slow learners). 

5 In the expectation of success in memoriztng. 

6. In the reahration of their destination (they arc not college-destined). 
Progress reporf 

After ten months of work together in the general pattern delineated in 
the preceding section, the youngsters gained confidence and as much compe- 
tence as the limitations of the school situation and the teacher, and their own 
inventiveness could muster. 

The young people showed the general improvement in test scores reported 
in Table 8-1. Although the group was very small, and we cannot base a statisti- 
cal analysis on it, one may still indicate the nature of their improvement. 
Furthermore, of the 31 students in this class. 27 stayed on for graduation (as 
compared with 17 out of 31 in the control group). Possibly these "data" may 
stimulate a full investigation. 


The science shy in helerogeneovs groups 

It might be assuniwl that it w-a$ the cote program which svas the key to 
w at the teachers participating in this "experimental work" would consider 
their success On the contrary, the core idea was abandoned after two years b^ 
cause the teachers agreed that the significant clement in the readapiation oi 
the youngsters, their regaining of faith in themselves, was not the core ap 
proach but rather the supportive technique used. In the next three years, 
youngsters of the type described in Table 8-1 were placed in regular classes 
fv" ‘“u ‘f" supportive techniques and in 

for the slow learners. In short, these 
Rm i with their siudents-slow. moderate, or rapid, 

he I’r eYnZi r’ accounted tor individual differences; that is. 

im? ^ *” learning was related to the realities of the learn- 

lor >he fi . , J Braoped ete i„ .denco, .ho p.t.om 

read”, " "P'* "ood ro impro.o iheir skill i» 

most raoid ’ "'"““’S’ plonning flieir work, in taking tests. Even the 

peetation. w “PI”'"' Mthniciue,, and do need ihemi ex- 

Ld oi.s;.mp ' “““ Weh. and these also breed tensions 

linueT." "snefa'l”™ “irl"' ““"‘“p "V ''»> 

y • r ass. speaally designed questions (not requiring 
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T4BIE 8<2 Techniques usecf in cf/seoverfn 0 rapid- and sfow-feorning pupils * 

]. Teacher marks 

2. Group intelligence tests 

3. Teachers’ estimates of school achiesemcnt 

4. Information on ph>sical health 

5. Standardired achiesement tests 

6. Guidance counselor's appraisal of pupils’ interests, aptitudes, and abilities 

7. Informatton on vocational plans 

8. Information on reading interests and habits 

9. Information on home environment 

10. Anecdotal reports and records 

II Information on personality adjusiraenc 
12. Teachers' estimates of aptitudes 

13 Information on social maturity 

14 Homeroom adviser's appraisal of pupils* interests, aptitudes, and abilities 

15 Information on hobbies 

16. Individual intelligence tests 

17. Teachen' estimates of intelligence 

18. Sundardued aptitude tests in specific 6elds 

19. Parental appraisal of pupils’ mieresis. aptitudes, and abilities 


TABLE B>3 (nsfruettdnsf pr^vis^ons and procedures In science * 

1. Insist that students report science experiments honestly and acniraiely. 

2. Entourage students to use scientist encyclopedias and ititttntts In pitpaiing science 
reports. 

3. Include student aetitities to stress basic sUHs. such as reading tables, observing experi 
ments, and spelling common science uoids. 

4. Guide students' experiences in helping with science demonstrations. 

5. Give students experience in helping with Kience demonstrations 

6. Help siiidenls understand scientific reasons for fire and safety rules, sanitary standards, 
and/or hni-aid practices. 

7. Discuss with students the qualities that help a person hold a job in industry. 

8. Encourage students to read stories about famous scientius. 

9. Teach students to read and evaluate science materials from ncvvspapen. 

10. Guide students to evaluate science noiebooV work against appropriate standards. 

11. Stimulate students to plan and carry on proyetis of ihe experimental research type. 

12 Encourage students to collect cUj^ngs on the uses made of science in everyday life. 

13. Arrange for students to become avsiscanis for class, laboratory, and/or science club work. 
H. Encourage students to engage in recteaiioiul reading of science Cction. 

15. Help svvidenls to vindersiaiwi liow toob. svith as the hammet. plane, drill, and strew 
driver, operate. 

16. Announce and conduct disnission of radio, irievision, and movie presentations of sdenufic 

17. Help students to analyte Kience information iis statistical form, 

18. Help pupils participate in pupil teacher planning to diKover real problems for stud) 


* Irom TeaeAing liapid and Slate Ltamtit la High School, p. 116. 
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Our special imenuon may not ultimately be satisfying to eteryone, but 
It fitted our needs As the result of an intention which attempts to deal wth 
all students, the school becomes a place where individuals exercise their indi- 
vidual differences in as individual a sciung as the school can reasonably 
provide. 


A shorf excursion 

into daveioping one's own approach 
with the science shy 


8-1. On heterogeneous and homogeneous grouping, the U. S. Office of Educa- 
tion Bulletin No. 5, Teaching Rapid and Slow Learners in High School,* 
reports: 

Almost half the schools reporicd attempts to place pupils in ability groups of 
some kind Schools tvere asked to name the subjects for wliich attempts had been 
made to provide homogeneous groups for both rapid and slow learners, and for 
ilovv learners alone. In both instances the subjects mentioned most frequently 
were English, mathematics, social studies, and science 

Schools Mere invited to indicate which of the 2S adminlsintive provisions 
tliey had tried and abandoned, and the reason for giving up any proc^ure. Re 
•ponses to this query were meager and hardly worth reporting except, possibly, 
for the attempt to group pupils homogeneously (italics ours]. This administrative 
provision had been uied and abandon^ by three principals of senior high schools, 
four principals of regular high schools, and sixteen principals of junior high 
schools The reasons given most frequently were- “parents raised objections," 
‘'social stigma was aeated," “results vvere not apparent," “provisions were incon- 
sistent with the philosophy of the school “ and “the staff preferred to adapt in 
struedon to the individual pupiL" 

(a) \Vhat is your stand? Which h best? 1$ there any base in evidence that 
one is sounder than another? 

(b) Normally is there hcitnogeneous grouping in physical education? In 
an? In music? In trigonometry? In calculus^ 

8-2. ^\’hat devices illustrated in this chapter might be useful in a small school? 
In a large school’ 


8-3. \ou may find it useful to compare the devices used for the science shy 
with those used for the science prone (Chapter 9). 

is a list of techniques used in discovering rapid and slow learn- 
in^ pupi s. Table 8-3 is a list of insmictional provisions and procedures in 
science. ^ 

S teaching, whidi are used in your school? 

schoS? ^ ^ administrator in diarge of a 
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CHAPTER 9 


Patterns in teaching science: 

The science prone 


A note at the beginning: In essence, one becomes a smter by writing, a painter 
by painting, a scientist by "sciencing." a mathematician by 
“mathematiiing." And the sooner he writes, or paints, or 
does science or mathematics, the sooner he creates, the 
sooner he actually becomes a writer or painter or scientist 
or mathematician. A course in which the youngster has an 
opportunity to create fits our gifted, or science-prone, stu- 
dents who are expected to become, among other things, our 
"doers." our "aeative minds,*' our innovators and insenton, 
our originators in all areas. Certainly it is essential for young 
people to study textbooks and to repeat experiments via 
tlie workbook and manual, for the knowledge gained is 
essential to the preparation o( aU culutrcd men-scieniists 
and inatliematidans among them. A course in "Great Ex- 
periments " or "Great Laws" or “Great Principles" (our pres- 
ent courses in science and maihematica) Is just as sahiable 
as a course in “Great Books.” But it is hardly siillicient. To 
originate, boys and girls must ha\e opportunity to "create" 
on their ievei. This implies both time and motisation, 
within an encouraging school atmosphere. These in turn 
imply a teaching method whidi recognises pupils’ sirengtlis 
and abilities, as well as their weaknesses and lack of experi- 
ence. It means constant labor, a scholar's attitude, and work. 

^Ve should like to disoiss the methods of dealing with 
creatisc minds under the rubric of "science proneness.” The 
term docs not seem especially appropriate, but "gitied,” 
"rapid learner,” “science talented," and the like, seem esen 
less appropriate because they assume a difference botli c^uali- 
tatisely and quantiiattscly in the students s«e are trying to 
assess. Again wc follow our own general policy; the chap- 
ter is intended to help the reader develop his own personal 
invention in method of dealing with the "science prone." 


Twt scimce MOHt ur 



8-5. Which provisions in Tables 82 and 83 would you use for the “rapid 
learner"? The "slow learner"? The "moderate learner”? Which provisions in 
this chapter would )ou try for the "slow learner"? The "moderate learner ? 
The "rapid learner"? 

8-6. There is a wealth of published material on the science shy. Perhaps some 
of the refetencesbelow will be useful to you in developing your own inventions 


Allen, A. A , Let Us Teach Slow /.eaming Children, rev. ed , Columbus, Ohio Stale 
Department of Education, 1955. 

Cappa, C., and M Pines, lietarded Children Can Be Helped, Great Neck, N. V.; 
Channel Press, 1957 

Cleugh, M F , The Stow Learner Some Educational Principles and Policies, N. Y-i 
Philosophical Library, 1955 

Dellaan, R F.. and J Rough, /denli/ying Students with Special Xeeds, 2nd ed , Vol 1, 
Chicago' Science Research Associates, 1956 

"The Education of Handicapped and Gifted Pupib in the Secondary School." Sa- 
Uonal Association of Secondary School Principals SulUlin, Vol 59, No. 207. Wash 
iRgton. D C.Jan 1955. 

Featherstone. William, rearhin| the Slow Learner, rev. ed , N. Y.: Bureau of Publica- 
tions, Teachers College, Columbia Unnersny. 1951, 

Heck, Arch O , The Education of Exceptional Children, 2nd ed., N. Y.: McCraw-HiH. 


• Heiser, Katl, Our Backward Children, N. Y.: W. W. Norton, 1955. 

"High School Methods Widi Slow Leamen." Naiionof Education Association liesearch 
Bullelin,Vol 21, No 3. Washington. D. C . Oct. IWS. 

Educating the Uelarded Child, Boston: Houghton 

Mitnin, 1951 

• Kirk, S. A , M. B. Karnes, and W. D Kirk, You and Your Retarded Child, N Y : 

Macmillan, 1955. 

Lightfoot, G., Personality Chataclensltcs of Bright and Dull Chifdren, N. Y.: Bureau 
of Publications, Teachers College. Columbia University. 1951. 

M^^.' Backward Child, N. Y - Philosophical Library, 1936. 

Martens, E H . Ctirriculum Adiuslments for the Mentally Retarded, U. S Office of 
Education Bulletin No 2, Washington. D. C . 1950 
National Society Cor the Study of Education, forty N.bJJ. Yearbook, Part 2. The Edu 
Th/'ClnrTr" Children, Chicago U. of Chicago Press, 1950. 

19M '■ -fveroge Ctorroora. N. Y.: Metropolitan School Study Council. 

1*'"“ ieornerr High School, U. S. Office of Education Bul- 
^vJT, F w » C : U. S Government Printing Office. 1954. 

^Vallin, J. E. W.. Education of Mentally Handicapped Children. N. Y.: Harper. 1955. 
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sider one oE their conclusions particularly useful in developing a teadiing in* 
mention: 

These findings suggest that an acceptable criterion for exceptional per- 
formance in science and other academic areas must be sought outside the pros ince 
of intelligence Apparently there are forces other than intelligence at work lead- 
ing to exceptional achiesement in science and other areas, such as motivation, 
originality, and creativity. 

The predisposing factors 

The characteristics grouped under the predisposing factors consist of two 
major ones. The first includes a group of traits which we call persistence. This 
consists of at least three attitudes: 

1. A marked willingness to spend time, beyond the ordinary schedule, on 
a given task; this includes the willingness to schedule one's own time, and to 
labor beyond, say, a “9-to-5'' day. 

2. A Avillingncss to withstand discomfort; this includes adjusting to short- 
ened lunch hours, or no lunch hours, working without holidays, svithstanding 
fatigue and strain, and s\orking even through minor illness, such as colds or 
headaches. 

3. A willingness to face failure, vtiih this comes a realization that patient 
work may lead to successful termination of the task at hand. 

The second diaracteristic within the predisposing factors we call questing, 
This attribute is shovi-n by a continuous discontent v\iih present explana- 
tions of the way the world works— that is, a discontent with present explana- 
tions of various aspects of reality. 

Roe, Kubie,* and other qualified workers are entering upon a study of 
this most important phase. Although we are not psychologists or psychiatrists, 
vse doubt that questing necessarily originates in neuroses or traumata in child- 
hood. Possibly it has Its origin in the mechanisms of sublimation. But further 
comment on the origin of this behavior is best left to others more qualified to 
study and speculate upon the scientist's inner life. 

However, it may be useful to describe what questing is not. The superficial 
“so what?” attitude is not characteristic ol questing. The general acceptance of 
authority in a given field of scholarship without question and without ascer- 
taining the reliability and validity of that authority is not characteristic of 
qwesting. 

It seems clear that genetic and predisposing factors are not the only 
ones operating in the making of a scientist. Opportunities to get further 
training and also the inspiration of individual teachers are additional 

> A. Roe. The .VtaMn^ of a SckrUK, DoiM. Alead. Y.. 1952. 

I_ Kul>ie. "Sonic I nsohnl riofilcm* of the Scientific Career." AmrHnn SHrniisl, 
Ocl. 1953, pp. 50 (i 6 lS. and "Socto Cicmomic Piobleiiu ot the toung Sdentin." .Imerican 
Seimiul, jan. 1951. pp lOI t2. 
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The nature of science proneness— a working hypothesis 

If there is any lesson (o be gleaned from a study of modern genetics, 
sociology, and anthropology, it is that the oiganism is a product of its heredity 
and its environment. Indeed one of the major conceptual schemes of our cen 
tury is that the individual and his environment react upon each other. Even 
if we viere to assume that high ability in science (science proneness) was pri 
manly an inherited factor and w'as identifiable as such, sve could not assume 
chat It would automatically mature. We should need to assume that high ability 
will be expressed most fawrably tn the most favorable environment. 

As a ivotling hypothesis we assume that, whether or not high ability in 
science can be identified as a hereditary factor, whether or not it can be identi 
fied by testing devices, it will still be exhibited at its highest level in the most 
favorable environment. 


Observation of research scientisu at work shows that high verbal ability 
forai or written) and high mathematical ability generally characterire those 
who remain m scientific research. The operations of the modern scientist in- 
in w rsport his findings to his colleagues orally and in writing 

maSa? mathematics. High verbal and 
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sider one of their conclusions particularly useful in de\ eloping a teaching in' 
sention: 

These findings suggest that an acceptable criterion for exceptional per- 
formance in science and other academic areas must be sought outside the pros incc 
of intelligence. Apparently there are forces other than intelligence at work lead 
ing to exceptional achieiement in science and other areas, such as motiv'ation, 
originality, and creatiMty. 

The pree/isposing factors 

The characteristics grouped under the predisposing factors consbt of two 
major ones. The first includes a group of traits which we call persistence. This 
consists of at least three atlitud«: 

1. A marked n-illingness to spend lime, beyond the ordinary’ schedule, on 
a given task; this includes the willingness to schedule one’s own time, and to 
labor beyond, say, a "9-10-5" day. 

2. A willingness to withstand discomfort; this includes adjusting to short- 
ened lunch houn, or no lunch hours, working without holidays, w'ithstanding 
fatigue and strain, and working even through minor illness, such as colds or 
headaches. 

i. A willingness to face failure, with this comes a realization that patient 
work may lead to successful termination of the task at hand. 

The second characteristic within the predisposing facton we call questing. 
This attribute U shown by a continuous discontent with present explana- 
tions of the ss*ay the world svorks-ihat is, a diKontent will) present explana^ 
tions of various aspects of reality. 

Roe, Kubie,' and other qualified workers are entering upon a study of 
this most important phase. Although we are not psychologists or psydiiatrists, 
we doubt that questing necessarily originates in neuroses or traumata in child- 
hood. Possibly it has its origin in the mechanisms of sublimation. But further 
comment on the origin of (his behaiior is best left to others more qualified to 
study and speculate upon the scientist's inner life. 

However, it may be useful to describe what questing is not. The superficial 
“so what?" attitude is not characierislic of questing. The general acceptance of 
authority- in a given field of scholarship without question and without ascer- 
taining the reliability and validity of that authority is not cliaractcristic of 
questing. 

It seems clear that genetic and predisposing factors are not the only 
ones operating in the making of a scientist. Op{)ortunities to get further 
training and also the inspiration of individual teachers are additional 

*.K. Roe. The Makine cf a ScieitliU, IVidil. Mead. N. Y., i9SJ. 

t_ Ru)>ie, -vooic rntohctl rrolilcin* ot the Sricmific Career." 4merifa'i SoVuliit 
CkC. IttSS. pjv 3 tHl "Socio tiv>nonic rroWetnv Vht Soun; ScietitiM" Imrrioi'I 

loVntui. j,n. lost. pp. lOt 12. 



facton to be considered in reaching a working hypothesis on the nature ol 
high-level ability in science. 


Adivafing factors 

Knapp and Goodrich * have studied the place the college teacher has in 
stimulating individuals with high-level ability in science. Time and time 
again, without exception, the working scientists with whom we have talked 
have stated their indebtedness to one or more teachers and cited the oppor- 
tunities these teachers made available to them. On this basis, it seems reason- 
able to assume that another major factor needs to be added to the two already 
stated. This we call the actn'oling factor. This factor is concerned with oppor- 
tunities for advanced uainingand contact with an inspirational teacher. Wth 
out activation, potentialities may be lost or turned to other areas. 

As a result of these preliminary excursions into the problem of what 
males a scientist, this working hypothesis on high ability in science is put 
forth tentatively; 

High ability in science is based on the interaction of several facSon- 
genetic, predisposing, and activating. All three factors are generally necessary 
to the development of high ability in science; no one factor is sufficient in itself. 

The ambiguity and tentativeness of the hypothesis are deliberate: we are 
trying to investigate an element In social behavior (high ability in science, 
science proneness, giftedness) which has not been clearly defined in operational 
terms. Here we are caught on the horns of the usual dilemma of the investi- 
gator of social events, ^\’e need to define the trait so that we may observe it 
But when we arbitrarily define it. we run the risk of not knowing what at- 
tributes and behaviors to observe. 

Cureton ‘ has made the point that we are on relatively safe ground at the 
start, if v>e admit that we are operating in an ambiguous area. Then an investi- 
gator may at least state his hypotheses lo his own satisfaction, provided they 
are not ambiguous to him, and proceed to test them in the light of clearly 
understood operations. As he learns mote and more, his hypotheses and ob- 
servations clarify themselves, one in counterpoint to the other. 

Now what detailed information do wc have about the occurrence and 
relauve importance of the various factors we have postulated? The literature 
ated. and additional references at the end of this chapter indicate that these 
(acion and pnrhap, mhm „mbmaiion. and to 
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rit, U. of Chicago Press. 
Education, Washington, 
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careful observations and records have been made of more than 400 outstand 
xng children in the Forest Hills High School in Nevv York. Checks have been 
made also against the life histories of individual scientists who are personal 
acquaintances. 


Evo/uof/ng fhe ro/e of the genetic factor 

In an attempt to determine the relative importance of the several postu- 
lated factors, we find that a lower limit separates those who might become 
creative scientists from those who almost surely will not, no matter what their 
hopes or pcrsev erance are. Case studies, growing out of the Forest Hills experi- 
ment, of 31 working scientists show that all had. to a considerable degree, both 
genetic factors; high verbal ability and high mathematical ability. All also had 
high academic achievement in high school and in college science courses. 

Common observation reveals that not all youngsters with high I.Q. scores 
and high verbal and mathematical scores choose science as a vocation. This is 
all to the good, for we need competent people in all areas of human activity. 
Some tenth graders have no interest in science; hovv this came about is not 
known, but it would be interesting to explore. Others who seem interested 
in science in the tenth grade do not have this interest susuined; other areas of 
study are competing for their interests. The genetic factors, as we have defined 
them, are a necessary but obviously insufficient condition for selection of a 
career in science. What, then, is the lower limit of these genetic factors which 
separates Uie “possibles" from the ‘'iraprobables"? 

More than 400 ninth-grade students with the highest academic achieve- 
ment (averages of A, or over 90%) were tested for I.Q., reading comprehension, 
and arithmetic ability. >fore Uian 90 per cent of these were in the upper 10 per 
cent of the school's distribution of scores on the tests. Forty per cent of these 
youngsters had I.Q. scores above 140, reading stores of 13, and arithmetic 
scores of 12 or higher. 

These youngsters all took a series of tests of the Psychological Corpora- 
tion, as well as Thurslonc’s Tests of Primary Mental Abilities, Form A (ages 
11-17), in which the subtests were: Verbal Meaning: Reasoning: Number and 
Word Fluency. All 400 students scored on both scries above the national 
mctlian. Of those now engaged in sdeniific research (59 students) all but one 
scored at the 90th percentile or higher. 

All of the 59 students now known to be doing scientific research had I.Q.'s 
of 135 or almvc* and minimum reading and mathematics scores of 15 years 
and 12 years respectively in the ninth grade. .Ml subsequently adileved grades 
of 93 per cent or higher in their science and mathematics courses. 

From these data, vkhich have considerable “face validity," a base Inel of 
the genetic factor can be set operationally at I.Q. score 135, ninth-grade reading 

* P. .A. VVld) and S. BUwm, 'Educaiion of the Gifted,'* Sthovl end Socirir 7g I9V3 no 
IIS 19. cue i Imer loci of IQ at ISO for "pfeed children.” ■’* ' ' 
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TABLE 9-lc Two 


studies 


Case Study 1 

Summary of a Typical Coje Study: High School Student Rated 4 5 on the Scale 
ol Predisposing factors (disguised slightly) 

Male, 11th grade, 15 jears 

Splendid attendance record (absent 4 days in high school career) 

I Q 153, reading score 16 plus (9ih year), arithmetic score 12 plus (9th year) 
Scholastic aserage 95 6 

Intends to take science, mathematics, language 4 years 
Plans to go to Harvard, M l.T, or Princeton 

Extracurricular activities’ Engineering Club. Research Club, Social Studies Honor 
Society, Science-Math Honor Society, fencing, school newspaper 
President of general recitation classes, and of one dub 
Hobbies chess, piano, reading, hiking (Boy Scouts), woodworking 
\Vorks weekends in pharmacy— deliveries 

Pleasant yet hurried, never thinks of himself, cannot say no, takes on activities on 
own initiative, always bemoaning lack of time, refuses to pity himself for any 
misfortune, high ambitions for public service, high sense of responsibility and 
integrity, a leader in scholarship, respected by his classmates, shy. great affection 
for father. Learning to accept himself and environment 
Ambition: Research physicist 


Coae Sludy 2 

Summary of a Typical Case Study: High School Student Rated 5 minus on the 
Scale of Predisposing Factors (disguised slightly) 

Male, 11th grade, 16 years 

Good attendance record (average 4 days' absence each year) 

I.Q 151, reading score 16 plus (9ih year), arithmetic score 12 plus (9th year) 
Scholastic average 89 6 

Intends to take science, mathematics, language (4 years) 

Plans on Harvard, hlichigan, or Cornell 

Extracurricular activities: Tropical Fish Oub. Research Qub, school newspaper 
Avd leAWjii^vsvsv’ sctiifiiet: hzsf&a.’.'. fcaAevvivaV. tsdsj ciVl-, 

tennis 

Does not work after school. Often does not do homework (says he knows his 
’■subjects” without doing it) 

Pleasant, loquacious, likes to pass time of day, willing to serve but has to be 
asked, popular with students and teachers, a great organirer of parties and group 
activities (almost always takes on collection of dues, etc.), makes friends easily 
Ambition: Dentistry, medicine, or science writing 
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Item 6 

Scholaslie below 86-83 88-90 

oi’eroge t 86 

(m all sub- 

jecls through 
7lh term, in- 
cludes 
years ot a 
full academic 

program) 


S 1 ^ I & 


90 92 92-95 o\er93 

(6rst 4 


Item 7 

Nature of little 
reading 
(reported in 
interview) 


school noseU, novels, novels, 
assign- mainly modern modern 

menis modern and classic, and 

plus his- classic, 

ophy, etc. 


Item 8 
Type of per- 
sonat history 


average Hie Case 

(like case Study 2 

study o( 
student 
with I Q 
105. scho- 
lastic 
average 
75 -80) 


like Case 
Study 1 


Item 9 

Ambition, or "lary" 
drive 


itotmal 
ambition 
but gets 
over dis- 
appoint- 

readily 


get ahead; 
get over 
pointmeni 


Item 10 

Tendency to rarely 
ask questions asks 

maiion 


1 ^ 


asks 

readily 

questions 

asks ques- 



stimu 


lated by 

quite 

■nfonna- 


tkm ^ven 

insatiably 

by others 

curious 



fScliolastic average is. of course, a frail ihing subject to all the errors of the leaching in- 
vention (see Section ll”) 
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iiimh grailt) dill! 12 |)!iis m a tiandard aritlimdic Idt. The baiic tlifTerence 
bcnit'cn ihc two iiHHilxrt of a pair wo/ ihe gtiieiic factor (or uxioeto- 
noinic bjiLgroiind) or totational coniRutnKiit. On the »ca!e of pmlnpwinj 
futort cull o-ip in the cx|>erim(i)Ut ('nHiphad an average k ore of 13 or mote, 
while ilioie in tin. cfinirol group averaged 3 or !r«. ’I heir oliscrvahlc behavior 
was clcatl) dilicrcnt 

It sccmtii iistfiil to asMiine tint those tsjih l>oih high genetic and p^^ 
dispo'iti’ facirns as deruictl here ssuuld tend to lie lurcessfiil in the modem 
foi’ipctitiic tiuleasor of scicme. jusigmeiit could lie base*! on tiirress in college, 
ailniission to graihiate school, granting of frlioitshi[>c and assistani»hij>v and 
success in research. 

Clearly, or so it seems to us. a high aiiciidance record, a high rating in 
Item 3, for example, and a history liU that dclailesl in Case Siml) I mean a 
high emotional coinmitmenL 


Evalucfing Ihe ro/e of the activating factor 

Wc have bc^n able to observe ami stud) 82 teat hen '• who were apjsartnily 
suercssltil in stimulating scienceprone siudcrvts In do rrraiisc ssoft and lo 
commit ihemvetves to science. In addition, sse liievs- 22 of iliem iictsonaHy. and 
so Vnew more about them. 'I heir m.sjor chjraciriislics vscie these: 

l-More than tW per cent of the 82 (f.i men. 1? vsomen) had a matter’s 
egrcc in tcieiice, in addition to the rtxjiiisitc vsotL in eshttation. The) were 
exceptional!) wcllvcrscil in the subjett matter of srienre. 

mveiime or another mal/iculatcd 

trie.! “1“'*' *"■ 'Ihtrc vsete eleven I'h.D.’i (»ix 

science and five in education). 

iniTJ o """ “ ■■ "ii W rro,', f„Il tim, l,«h- 
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evenings to svork with students. They often came to school long before theii 
first class to meet sviih students or to prepare for special svork svith them.) 

9. The aserage age of the 82 was 40 years, plus or minus 2. The "plus or 
minus 2" is necessary, since in a number of cases the exact age could not be 
ascertained. (Of the 22 known personally the aserage age at the time of obser- 
sation ss-as 39.2 years.) 

10. The 22 whom we knew personally were expert in hobbies which 
ranged from chess to collecting antiques. AH of these had some regular 
athletic actisity— walking, tennis, gymnastics, l^ndball. or baseball. 

11. The 22 svere intariably rigorous in their personal manner and, in our 
judgment, were people of decisiveness. 

12. Twenty of the 22 vvere considered to possess a sense of humor. 

13. IVe would judge eight of the 22 obsened teaching (in public and pri- 
vate schools) as outstanding and inspiring master teachers, ten as superior 
teachers, four as average. The 18 superior or outstanding teachers were dy- 
namic personalities both in classroom and extracurricular activity. Of these 18, 
17 were experts in discussion techniques, and iheir classrooms were centers of 
student activity: they rarely lectured. One lectured in a private school. All 
were splendid demonstratots and experimenters; they had at one time or an- 
other given demonstrations before teachers' groups. 

14. .All 22, however, were dissatisfied in one v\-ay or another with their 
progress in teaching, with the state of knowledge of the learning process, and 
with the professional status of teachers. All 22 were in some vv*ay (committees, 
officers of associations, editors of journals) associated with at least one eSort to 
improve instruction. 

15. All 22 liked children. All were vitally interested in science and in other 
intellectual pursuits. 

16. W'e could not fail to note that these teachers were in the relation of 
the “father” or "mother” image to the youngsters who were interviewed. These 
teachers were, in short, not only admired and respected as teachers of subject 
matter, but as teachers in the ways of life. They were guides, counselors, friends, 
guardians, and father- or mother-surrogates- 

Aside from this, it was very clear that they held up to their students firm 
standards of competence in scholarship as vscll as in behavior. In brief, there 
seemed to be an element of accepted "coercion” (since it was accompanied by 
sympathetic, even warm, treatment by the student, without fear or Uireat of 
punishment). Knapp and Goodrich have amplified the point in their work. 
Origins of American Scientists." A distinctly personal impression remains that 
these teachers were first of all fine human beings; on the whole they were sensi- 
liv e to human problems, they were considerate of others, and they w ere plucky 
in the face of the frustrations teachers must undergo. They had considerable 
respect for the goals and the dreams of boys and girls. 

>> R. H. Rnapp and H. B. Coodricb, at, p. 170. 
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MBlf 9-2 Observable eharaeferlstles of able slvdettls vetertlonally 

Interested In aelettee compared wJ>h equally able students 
not voeetienally Interested In science 


Thirty able sluiten's with roraltonal lalrr- Thirty rijual/y able agf males without rrience 
esl in science ("experiinenials'^ tora(ion<>f iHereitl ("eonlroU~) 


] Oursidc school the ntajoiity Imdrd to 
tncli\iJuol sports tennis, c^clin^ trnrinfr, 
Batkini’ Vet7 f«>« in team spoils’ basLct- 
hall. baseball, football 


2 A major part of the tine spent in lead- 
inj and other intellectiial acuvilics, bonre 
ssoik, listeninc to intiiic, school tilth anisi- 
nes. Minor, aliliounh ii^irieant, amotmt of 
time in arrcial aciisilies such as dinctn;; 

5. A ina|nr part of time in self imliairJ. 
indisiijiial projects asitononi), ' ham mlio.“ 
klamp tolUcling. tiasslal tnusie. lesinint for 
eijin lanBiiiRcs or miisiejl insiptimenit 

* Tendency to classieal music, (Sets, 
bridge, and serious reailini; of tla«in; d<i 
crositsord piirzles and acrostics 

6. Tendency to read "wtlotts” tnaipirines. 
eg, Harper'i, Time, Setenlifie Ameriean. 
Saturday lievine. 


6 A tendency to go to mosies less than 
once a week. Tendency to go to the Iheaier. 

7. Acimiin joined in school more of dis- 
cussion t>pe Language Society. Prolilems of 
Civiliiation, Science. Chcniitify Oub, Kbool 
paper, school ntagaiine 


8. Approximately equal {to column ft 
tendency to earn extra money in alici- 
school work, but mainly in babs sitiing 
9 Strong tendency to do social sers ice 

n ■ V"’ 

t-iciss, church aniviiy, Cisil Defense 


I. Cencral insolicfiicnt In team iporti at 
well at individual sports. Most of the bo'S 
iiieniitMied fooiball. batkelltall, the gitb 
mcntioiied Irnnis, dancing, clc. 

2 A major part of the lime spent in sociil 
aaisiiies dancing, parlies, ihealer. ino'i^ 
group aclisilirt. A minor, although sign'll 
cant, amount of lime spent in homewoik. 

S. Relaliielj minor part of lime ipm! i" 
self iniiialcsi ptojetls of tort describct! op- 
posiie. Tendency to group aclliity. 

4. Tcntlmcy to |>opiil.ir music, lianong 
niagarine leading, [lopiilar novels. Le»» 
eiKv to aosfwofd and other types of puHle*- 

4. Teinlency to read story tspe niaganncs, 
eg. Jtrailer'i Digrit, Saturday Evening Post 

<r A icmimcy lo go to mosies mere than 
once a s.eek. Prefer mos ies to theater. 

7. Cubs jolnrsl in school more of “doing" 
type; Clee Club. Orchestra, fniramutals. 
stbuol pajier. school magatine. 

8. Apjwoxlmalely equal (lo column 1) 
len.lcficy to earn extra money in after school 
wosk. baby silting, deliseiing newspapers 

9 A minotiiy lend lo be In Boy Ssouls ot 
Girl Srouif, church activity. 


Charaeterisiie behavior of science-prone students 

in pmonality characteristic of the '•glftetl sttKlcnt ’ 

as commred 1 in the experimental fi2 

be said^o be ^ ^ ’ forest Hiih High Scliool might 

exhtbUed. T" ---J-looVin|; in short, they 

who had he T.' “» introversion. Tw enty boys and ten girls, 

expenmenul 62) who (previously described among the 

mary Menu Ab.’lb V’lroomiln anti above in the I'ri- 

^ Psjchologial Corporation tests, and who, in addi- 
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Sole. For other dncripiions of the ehancterbtio of gifted children in sdence. see: 
Meisier, Morris, m The Gi/(ed Child, ed. by Paal Witt), Boston: Heath, 1931. 

Subarsk), Zachariah, "AVTial 1$ Science Talent?” Scienlipc Afon(h/y, 66, 5, May 1918. 

Tennan, Lcuis .M.. el at , Genetic Studies o/ Genius, Stanford, Cal.: Stanford Unisersit) Press, 
1925-17, 4 sols. 


Thirty able iludenls u'lth vocational inter- Thirty equally able age mates without snence 
esi in science ('expenmenlals^ vocational iateresls C’cvtlrols") 


10. Tend to be consertative in clothing, 
although within norm, eg, most boys wear 
ties, rarely take on "fads'' 

11. \'a$t majority buy books for personal 

12 Tend not to smoke till senior jear. or 
not at all. 

13. All plan to go to college 


11. Almost neser get into dilhculty with 
teachers or are disciplinary problems in 
school o\er school work May dbagree with 
teaehen o\er interpretation o( subject matter. 

15. Almost all the parents had a post-high 
Khool education More than half were grad 
uates of colleges' a high number of graduate 
schools (Ph.D . M D-, Law. Engineering. Ac- 
counting). A high mtnorit) in professions. 

16. A tendency for parenu to owti a sub- 
stantial library (500 books or more) A vast 
majority with 200 books or more.* 

17. Vast majorics of parents with ambiiiont 
(or professional life for their children 

18. Aserage of children per (aially. 12. 

19 Twenty-four of the 80 were the first 
child. 16 were the only child. 


10. A goodly number (not o\er 50 per cent 
of the group, howeser) take on "fads,” of 
teen-agers, eg, plaid shirts, jeans, etc. 

tl. Only a minority buy books for personal 
library. 

12. Tersd to smoke early. 

IS. kfost plan to go to college; some plan 
to go into business, minority into professional 
life. 

U. Almoss neser get into difljcutt) with 
teachers oter school work or are disciplinary 
problems in school. May disagree with teach- 
ers oscr interpieiation of subj'eet matter. 

15. AlrooM all parents had a post-high 
school education, with a high majority in 
business Slightly more than one-fourth were 
graduates of colleges, a number in medicine 
and engineering. 

16. A minority with parents basing a sub- 
stambl library; most with less than 200 
books. 

17. Vast majority of parents with ambitions 
for financial success for their children. 

18. Average of children per family, S.f. 

19- Eleven of the 50 were the fint child. 


• This seems as if it were an overesiimaiion. but for the Mudents we observed it was generally 


tion, had placed as one of the fifty finalists (8) or had won honorable mention 
(22) in the AN’csiinghousc Science Talent Search, were compared with their age 
mates (a tjpe of control) who were not committed to science socationally 
although they were scrj successful in high school in other areas. Tlicse age 
males were of similar scKio-economic lesel. and although paired with the 
cxpcrimcntals for genetic factors, were nof so paireti for predisposing factors. 
The piirjiosc of this was to obtain a trend or lendfney •• in behavior of these 
youngsters who had commillcd themsehes to science. A comparison of be- 
haviors observed is shown in Table 9-2, 

«« InfotTOilion obtsinol thrwigh Inlrrslcw. The word tendency dewerilws »n activity ol 
iiKMc than 50 per tent of t!i< group. 
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From these obsenaiions, a picture, admittedly with hazy outlines, may 
be formed of these youngsters who may be our “scientists in-embryo.” It 
seems possible that the high rating in predisposing factors of the experimental 
62 is related to their introsersion (as indicated in the tabular description) 
MacCurdys ” study of the characterutics of superior science studenu (West 
tnghouse Science Talent Search svinners) extends over a greater area oE the 
background of these youngsters than docs the description tabulated below. 

es ertheless, there is essential agreement on the major points made. Terniaa'* 
whose studies on the general nature of giftedness are classic. s%Tote (on the 
asis 0 a study of 800 gifted males nosv committed to the sciences, humanities, 
social sciences, and business, among other fietds)- 

S'hed group the physical scientisu and engineers are at the 
op^i e pole from the businessmen and lawyers in abilitiesf in occupational 
interests, and in social behasior. 

or .h,'™ Table 9-2. desena commnL 

“utentSr, -a.? K bare .he oal, 

general i. its here first children. Ho.e significant is this? Holt 

of these youngsters ^Ve^foLVih^"''^!:’ described one way of work 

inteitigaling Sikh we called .he“E thinling, interning, 

.ion. oT their nte.hod J^orl fiefZ " “’’“r' 

Nothing net,, of course; it ’ “”“P' »' ■>>' 

stand the itay these toungs.er. La hypothesis helped us undo- 

cml,„n„en. in uhleh thS StM La "f ' “ ‘'"'"“P P'’’""' 

Flotation, Incubation antnihimin Sweater ease. The suges of Ex- 

nirable in the procesws of i. r • p. 1 19) are clearly recog- 

do overlap. ’Sa'ion of these youngsters, although the stages 


^ Telit! •" 

history ol biolog ka' “eLTnol^ .“L.* it*™, had a coune in il 

science o£ biolog,. Here tb,; P>t>ceed to deal tti.h d 

— ^ »o-b,y gel erkLif 

“R D \UcC ^ ones (although this isn 

SSrre Found Thor B_»agrou,Jd!^M Students and Some Factors Tbi 
5fien(u(» and Aoi«o,n,,w'® Unhersin. 1951. 

68. No 378. 1954 enr«t, ,n « Crou* of too 'imencan, 29. Ian 1955, ab 

” Op nr; p. 169. ”■ Minographs. S c 


>«» 8ATn»NS 


teaching science 



necessary" they may e\en be good problems), but problems beyond the knov,-n. 
The text becomes a base of operations, a plaro to jump off into the future. 
Students do “research” and. in so doin^ “wet their feet” in science. 

Certainly if Music Departments permit or urge their best students to be- 
come creative earls (to create music), if Physical Education Departments permit 
their best to become prize athletes at the earliest opportunity, and if Art De- 
partments encourage their best to create as soon as they dare, Science Depart- 
ments and Mathematics Departments may permit their best students to create 
early: in short, to do science and do it before graduate school or the senior 
yean in college or esen the senior yean in high school. 

Correlating with this acceleration is the acceptance by teachers of the idea 
that science and mathematics do not mean merely study and revien' of the past. 
More important in facing problems which must be sohed by some aspect of 
originality is the acceptance of another idea: equal opportunity does not mean 
identical exposure but rather equal opportunity to desclop to one's fullest 
potential. Carried into practice this would mean making special opportunities 
available for all students, ineludtng the science prone, the gifted; carried into 
educational thinking it would mean simply applying the general principle of 
variability to the intellectual domain, as well as to the physical. 

In other words, stimulating the science prone by giving them the oppor- 
tunity to develop to their fullest does not mean gittng them more course sv-ork, 
or intensifting the accumulation of information through lecture and (ext; it 
does not mean eoi'enng more material, but rather uncovering it through the 
best teaching procedure. The teacher should, in other words, “teach less so that 
the learner may leam more.” 

These tw'o notions are basic: 

1. Science and mathematics do not mean merely a study of past sdence 
and mathematics, but an opportunity to iment, to imagine, to discoser. to 
aspire, sometimes to succeed, but sometimes to fail in a Avorthy quest. 

2. Equal opportunity in education means the opportunity for each to 
dCA'clop his abilities to the fullest; it does not necessarily mean identical 
programing. 

Many groups are deeply concerned about prmiding more effectis-e in- 
struction for the most able students. All too often these students hase been 
caught in the "single” program aimed at the "aAerage" student. Within such 
naiTOAv confines they base become bored and sometimes bothersome. Perhaps 
worst of all, they deselop poor Avorl habits; for "getting by" {esen getting 
high grades) is easy for them. 

Despite growing conocro by goveromewtal, scientific, and indnstiial Vead- 
ers, some educators seem nervous and continually wonder whether special 
attention to the able is “democratic.’’ As we have outlined above, the basic 
concept of democratic education is equal opportunity, not identical exposure, 
for all. Gowan “ states: “A recent California study showed parents far more 

>*J. C. Covrao and ^(. S. Gowan, 19S6 AMiHott to Annotatrd Bibliography of Educa- 
tion cf Gifted Children, Vnivcnily of Califoinu at Los Angeles. 1937. 
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libera! in their attitudes tcm-ard education for the gifted than principals am! 
supersisors in public schools.” Then it may be hoped that within the nex' 
decades more will be done for the abler students; the public will demand it 
Equally important is the choice of teachers and procedures based on clea' 
evidence. 


The choice of curricular method depends on many factors: the ratutc 
of the community, the philosophy, traditions, and preparation of the stall, 
the nature and destination of the student population and the faculty; the 
consictions of administratise and guidance workers. Throughout the coun 
try, curricular practices seem to be taking these directions. 

The advanced course. This course may be identified as biology, physics, 
or chemistry, but it goes beyond the school curriculum (as evidenced in 
texts and syllabuses), into what is recognirably college work. Sometimes the 
course is a replica of a college course in a nearby university which accepts 
most of the students of the high school. The students in these courses are 
selected on the base of IQ. (usually a lower base of 120 - 150 ) and previous 
achiev eroent (they are in the first quariile of their classes). In most high schools 
these courses are first available in the sophomore (tenth) grade; freshman 
courses (ninth grade) are not available except when the high school includes 
the seventh, eighth, and ninth years. Sometimes these courses are called honor 


courses, and usually consist of the established courses plus more work. The 
"truly" advanced course consists of more advanced worft.” 

The special course. This course is o^aniied for special work. Students 
who take the course have generally taken the established curriculum, or are 
taking this course concurrently with the established curriculum. Such a coune 
might be Advanced Science.'* a course extending throughout the high school 
yean, m which students work on their own ••original” projects in the labora- 
ory as embryonic scientists. Or a course in mathematical analysis or the 
calculus may be given. In any event, either students arc carefully selected 
or sue TOurscs, or they select themselves because of their expressed vocational 

"■ ‘"S' ‘'‘sii -i"" 

populai.on perm.u »„|„ dhmir.cion ol couto, 

cou Jn ""S' " ™»“. tl>"= ”>> 'P"»' 

They are usually organized as clubs, but 



may be organized as classes. The number of students involved may range 
from one to seseral hundred. 

^\^lethe^ they be called The Camera Club, Engineering Society, Chem- 
istry Squad, The Ph«icist5, The Geometers, The Calculus Society, The Biol- 
ogy Club. The Math Club, or Junior Scientists, these groups or clubs are con- 
cerned with learning more about science and mathematics.** Four kinds of 
groups are discernible: 


1. Tire “hobby” group: Here boys and girls interested in radio or tropical 
fish or field trips or snakes or photography gather to explore and exploit 
mutual interests. Some of these youngsters may be science prone. 

2. The “scholars" group: Boys and girls are gathered here to extend an 
experience, to dehe deeper into a field of study. The Calculus Sodety goes 
into the calculus; one sees a syitemaiic attempt to learn more in an organ- 
ized way. These are courses, as it were, after school. In this tsay in set'cral 
small and large schools sve ha\e seen intensive courses on the collegiate level 
in boianv, zoology, chemistry, physics, calculus. 

3. The “seminar” group: Groups organized in this fashion are given 
over to hearing the latest advances in the area. Here especially scientists in 
the local university, college, or industries lend a hand to itimulale young 
scientists-to-be or young mathematiciam-to-be. Such a group is often called 
the Young Scientists, or the Science-Mathematics Seminar. This grouping is 
an attempt to enrich the science work, particularly in small schools. These 
groups generally sponsor a Science Fair where young people exhibit their 
project work. 

4. The "vocationar' group: While all the groups mentioned above usu- 
ally seek infonnation about future w'ork in science or mathematics, these are 
sp>ecial groups (mainly concerned with vocational guidance) vvhich are con- 
cerned at times with stimulating gifted children to enter science. These mav 
meet irregularly, particularly to hear a scientist, an engineer, a mathemati- 
cian, a doctor, or some such person discuss the vocation in question. 


The "odvanced school." Even before the Advanced School Study of the 
Ford Foundation was instituted, a number of schools had developed what 
they called Honor Schools or Advanced Schools within the organization of 
the regular high school.^* These -Advanced Schools (schools vvithin a school, 
with their own administrators) selected youngsters on the basis of high I.Q., 
general high achievement in major courses (English, sodal studies, mathe- 
matics, and .science; .someiimm iaBgv3gr\ and aimed the course uvrL- ar a 
higher level than that expected of the general school population. 

Sometimes as part of the Advanced School Study these schoob gave the 
equivalent of “college” work in the subject areas where there were qualified 


»*G. I. LoomU. “Special Provision for rbe Gifted.* in A Sunej o/ Uteralure and Re- 
tfirch Concemins the EAiualton of the Cifted ChiU leilh Impt, rations lor School Pradice 
Currioilum Bulletin No. 97, Eugene. Ore., Sdiool of Education, 1951, pp. 10-23 ’ 

»• School and College Study of .Admisson with .Advanced Standing, op. fil. 
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instructional stall and equipment. Students who qualified in the Advanced 
School Study examinations could be admitted to college with advanced stand 
ing in the special courses for which they qualified.'' 

The spstioi school. In large atics, particularly New York City, specialized 
high schools, such as the Bronx High School of Science, Stuyvesant High 
School, Brooklyn Technical High School, and High School of Music and 
Art, select students with high I Q.’s and “special" abilities for advanced work. 
For instance, the Bronx High School of Science selects youngsters with high 
I.Q.’s and high verbal and mathematical abilities and gives them an enriched 
four years in a regular high school curriculum intended for admission to 
college and, in addition, enriched and advanced courses in science and mathe 


The independent school. Tliere are also private secondary schools, often 
having high standards of selection. Many of these give advanced work in 
science and mathematics. For instance, in one such school we observed courses 
m organic chemistry and the calculus. 


Some practices in small schools, hfany schools are too small to organize 
special groups, In such schools, we have observed special efforts being made 
even for one gifted student: special tutoring In certain course work (whether 
standard or advanced), the practice of apprenticing the student to an inter 
Mted industrial or unlvenity scientist (either during the regular session or 
during the summer session), and. if nothing else, suggested readings and con- 
lerences. And in many cases these arc extremely effective because usually the 
f “ofcri"' and .h, gniJ 


A general bare in nrethod for Ihe science prone 

t«chc''r"hnT' '<7 » “acatm work wlih ihc gified. A 

he Lit be an eanert rca h T' “ “penner. is defined), bw 

teaebing i, a per.™, "a T'"" " ’’""S 

inventiL. ■"'cninm and he i. con.r.n,,, at work loprcng hi. 

Within the ‘•Lne-Tdr Whether they are done 

or during a separate time is not significant. Both types 


« Board of Ediauon nt 
C.tjr. Brooklyn, 1946. 263 pp. 


PP 10 23. 

‘ the Gty ol New York. fUgh School, m Nao York 
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of organizalion ha^e been observed in seserai schools. The basic postulate is 
that young scientists and mathematicians arc developed best svhen they do 
science and mathematics, not when they are held fast in the bonds of the 
past. 

The stress, then, in teaching the "gifted" or "rapid learner,” as indeed it 
is in teaching the "slow learner” or for that matter any student, is on gifted 
leaching. What is the general base in method which the best kind of teaching 
stresses? 

The type of teaching of which we speak is based on the curricular prin- 
ciple we hate stressed, it may be restated this way; All lising things hate cer- 
tain similarities: howeter, in developing youngsters to their fullest it is the 
differences which must be cherished. It is these differences svliich are respon- 
sible for the essential differences in cicathcness. Hence, teaching to stimulate 
creatiscness, or originality, is teaching which honors differences, and which is 
dificrcntiatcd in its method. Teachers who honor difference generally are in- 
\olvcd in some or all of these activities. 

Know/ledge of differences. Teachers who cared about individual differ- 
ences usually had a good idea of tlie kinds of children in their classes. They 
had examined the records of their students, including I.Q., reading score, and 
mathematics score. Or they were using the recording desices, or something 
similar, to be found in Identifying Students with Special AVedj.** They had, 
therefore, an idea who was who: ssho was gifted, who was slower. 

Differentiated seating. Some teachers obserxed used the interesting desicc 
of differentiated (not segregatetl) sealing. At the beginning they seated in 
groups of four or eight, for ease m group or committee work, children of 
different intellectual potential: this gate different students the opportunity to 
exert leadership at different times; at sariotis limes the bright child had an 
opportunity to exert leadership. .\lso it strengthened his knowledge of subject 
matter since at times he acccptnl the role of tutor. 

DifFerentiafed assignments. One of tlie most common approaclies was the 
differentiated assignment. Dilfcrcni problems \arying from simple to most 
complex were offered as challenges; different and more complex science read- 
ings. "experiments,” and desices were suggested. I’ariicularly was this practice 
used under the guise of "honor problems” in genetics, chemistry, physics, 
astronomy. The price s»ai a college le.xt in science for the one who sohed 
selected problems correctly. The nature of the prirc svas determined by stu- 
dents svlio also served as the prt/e coniinitiec. In addition, senior students 
dcsclojictl the jiroblcms for junior students. 

Differentiated texts. In a gixid nmnbcT of the classrooms observed, dif- 
lerent texts sscrc iisctJ for the moic rapid learners. In one case, the students 
rcctiscsl an additional, more advanced text when they finished the first, and 

n R. ». tVHjan. imJ J koii*h. t-tmlilying SluJfnIi hOA S/vnat .VVrrfj, 2nd rd.. Vol. I, 
VirtMc Rctcauh .VsvkuIo. Chicac". IVS6 
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honor credit was given for evidence of finishing the second. In another case, 
a college te\t was usctl. In still another case, the teaclier used the much- 
maligned workbook as a guide for study: dilTerent students used different 
texts as references to serve them m doing the “exercises” suggested in the 
workbook, tlie rapid learners used college texts. 

Differentioled loborotory woth. Naturally, the laboratory is the place 
where each student can work at his own speed, and the able can exceed the 
work expected of others. This is also a place where he can originate. In a large 
number of classes observed, teachers who were interested in stimulating the 
gifted permitted them to go beyond the “required" exercise where a work- 
book was used, to attempt their own "experimentation” after the required 
work was done, or to undertake their own "experimentation” in place of 
the required work (provided a plan of such experimentation was submitted 
to the teacher for approval prior to the laboratory period). 

In mathematics, the practice was quite common to permit students to 
prepare their own problems which wore then posted for class evaluation and 
solution. In addition, ‘'laboratory" periods were scheduled in which young- 
sters applied their mathematics to the solution of industrial and engineering 
problems. 

Differentiated tests. In one school, a somewhat unusual kind of test was 
used which permitted the greatest scojrc for all. but was especially useful in 
identifying and sustaining the rajsid learner. (Sec Chapter 20, An Approach 
to Test Building and Interpretation, for an example of this lest.) 

Assume that the students in a cliemisiry course have finished a unit on 
atomic energy. The examination is made up of some two hundred short 
answer (multiple choice) items on six sheets: only the top sheet (50 iien») 
IS concerned with atomic energy. Each correct answer brings tbe student two 
credits; total: 2X50 » 100. 


When the students have finished all 50 items in the lest on atomic energy, 
they may go on to the other items on the remaining five pages. These items 
are concerned with content which covers the entire term's work and goes 
beyond the term's work into special readings (magacines, college texts, library 
work). For each item chosen and answered correctly, the student gets one 
point credit; for each one chosen and missed, two points lost (this last discour- 
ages jessing). The net result is that students can get total crediu beyond 
one hundred, i/ they knoxp more. A student who averages above one hun- 
ared is entitled to very special recommendations to college and special privi- 
leges. eg., use of the laboraiory for individual work 

■"» “ te erallent predictor 
house Srilu "'“I"’ compctiiivc science examinations (W’esiing- 
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A case study of an approach to teaching the science prone 

A standard or ready-made procedure for teaching the science prone would 
surely be useful. Yet classes and sdiools, teachers and pupils differ, and each 
combination is an opportunity for creation of a personal invention fitting 
the local conditions. If the student is science prone, his learning is easier; but 
his teaching is more exacting. 

We have heard teachers say that the bright or able child can get along on 
his own, and that class time should be centered primarily on the normal 
or slow students. This is grossly rvrong. Able students are precious and rare, 
and of high potential value to their culture. They quickly form concepts— 
incorrect as svell as correct ones. Through their teaching they must learn how 
to sift and test concepts so that they can hold the useful ones and discard the 
notuseful. 

Perhaps the most serious consequence of neglecting these children is to 
permit them to develop poor work habits and a "swelled head.” They must 
be held to high standards of expectation and performance and aided in 
deseloping the inner controls and responsibility that will bring their poten- 
tial ability into prodoctite ability. 

What do )ou teach these children? How do you teach them? In groups? 
Indhidually? You may find clues in the following case study in leaching the 
science prone. 

For the science prone, materials are to be uncovered, not covered. For 
these able youngsters the teacher must reaffirm and practice his function as a 
guide JO learning. 

^^ore than any others, the boys and girls in this group have high educa* 
tional irritability; they arc sensitive to the world and to learning. Once they 
notice something they want, they do all they can to get it. These four guides 
to learning-young people must want something; they must notice something: 
they must do something: they must get something—constitute almost a single 
purposise pattern in the science prone. They want to grow; they are always 
on the qtii vive, noticing things as they go; they do not hesitate to do. to svoiV; 
and they get satisfaction in doing and learning. All these youngsters are going 
concerns (they are inotisated, that is); all one has to do is to put enough inter- 
esting things before them and they nolice, do, and gel. With the science prone, 
more than with any other group, the curriculum can be said to exist within 
ihc child. These boys and girls arc intellectually oranisorous; generally they 
are college oriented. 


The sc/ence-prone sludent in c/oss 

We hate disaisscd the characteristics of the science prone and the nature 
of a science program which imoUes their energies. This may not icU our 
rc.ndcrs how they differ front others In claw. Of course, some of them may not 
be the epitome of the kind of student who is quietly competent, the delight of 
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honor credit was given for evidence o£ finishing the second. In another case, 
a college text was used. In still another case, the teacher used the much 
maligned workbook as a guide for study, different students used different 
texts as references to serve them m doing the "exercises” suggested in the 
workbook: the rapid learners used college texts. 

Differentiated laboratory work. Naturally, the laboratory is the ph« 
w’here each student can work at his own speed, and the able can exceed the 
work expected of others This is also a place where he can originate. In a large 
number o£ classes observed, teachers who svere interested in stimulating the 
gifted permitted them to go beyond the “required” exercise where a work- 
book was used, to attempt their own "experimentation” after the required 
work was done, or to undertake their own “experimentation” in place of 
the required work (provided a plan of such experimentation was submitted 
to the teacher for approval prior to the laboratory period). 

In mathematics, the practice was quite common to permit students to 
prepare their own problems which were then posted for class evaluation and 
solution. In addition, "laboratory" periods were scheduled in ivluch 50ung 
sters applied their mathematics to the solution of industrial and engineering 
problems. 


Differentiated test*, In one school, a somewhat unusual kind of leit wat 
used ^hich permitted the greatest Kope for all. but was especially useful m 
identifying and sustaining the rapid learner. (Sec Chapter 20, An Approach 
to Test Building and Interpretation, for an example of this test,) 

Assume (hat the students in a chemistry course base finished a unit on 
atomic energy. The examination is made up of some two hundred short 
answer (mu!tiple<hoice) items on six sheets; only the top sheet (50 items) 
Each correct answer brings the student two 

credits, total; 2X50 = 100. ® 

thev Students have finished all 50 items in the test on atomic energy, 

arp 8° j’tt to the other items on the remaining five pages. These items 
b™„d work ,nd goe, 
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of momenu; he showed a great deal of matheniatical ability in solving prob- 
lems dealing s*iih the law of moments. It turned out that he s\-as primarily 
interested in mathematics, and the mathematics in physics fascinated him. 
From then on his record seas magnificent. Once his interest teas kindled, he 
insohed himself in nonraaiheraatica! areas; for instance, he entered the 
Science Fair and distinguished himself by winning a first prize. 

In short, these bos's and girls present a different dimension in class work; 
the} not onl\ go deeper but often has-e a special interest srhich gives them 
direction. This indicates that these boss anti prls might ssiih careful handling 
(i.e., special opportunities as indicated in this chapter; see also Section V, 
Tools for the Science Teacher) become specialists. To deselop specialists, the 
scientists of the future, one might very well nuke special opportunities as'ail- 
able— esen within the pattern and goals ol general education. 

Furthermore, there is quite a difference, in our minds, between "bright” 
and “gifted" children, although usage has become somesvhat loose. Let us 
define our terms: 

1. Both bright and gifted children hate high genetic factors. 

2. Bright children do not necessarily base high predisposing facton; 
their goals mas not be sufficiently determined, their attitudes not sufficiently 
focuss^; thes mas be complacent, easily satisfied. 

3. Gibed children base a high predisposing laaor in some area. 

4. If this area is science, they are science prone. 

Gifted students are sety rare; they are the contributors-to-be. If they are 
science prone and truls gifted, they generally become great insestigaton. 
Mliile classes composed ivholl) of gifted students cannot often be organized, 
classes of sery bright children (including some ol the science prone) can be 
organized and taught by the best methods as-ailable. the methods delineated in 
prior chapters. No doubt, because this is die folklore of modern education, 
teachers will ask; What ol the course material? textbooks? syllabus? tests? basis 
for grades? 

Tliese boys and girls can. and should, do more; this includes reading as 
well as laboratory and field work. The science prone can use both a high 
school text and a college text: a high scliool text (or first reading and security, 
then one or more college texts for an extension of the topics being studied. 
This is the basic reading material. Tlicy will also desire and seek added 
reference material: Scientific American, The American Scientist, Science, The 
Quarterly Reineu’ of piohgy, and many others. (Sec .Section V, Tools for the 
Science Teacher; llie Professional Library.) 

But in the main, teaching the science prone consists not in a fuller 
course on the “college Icsel," but in the use of our best knowledge about 
teaching. Each teacher s«iU desclop his own teaching imention, within the 
Iramcwxsrk of his Khool and community. Perhaps he will find the following 
ease study helpful. 
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ilie teadier. Some of ilieni ma) o«i l>e $o-ca!I«! "discipline problems." In 
such cases, thes share xsiih others all the problems of the adolescent. Thdr 
intellectual competence and actisidcs— the projects they do, the hobbies they 
embrace, their after school actions— Imc been dcscrilied earlier in the chapter. 
In class they also dilTer in their bcliasior. 


Generally, they arc \crv alert, they tend to be toluntcers; in fact, the 
teacher must be careful to keep them fiom tnono|x)Iiring the class discussion 
He does this by calling on auditors (those who listen passively) as well as 
solunteers (those who participate acihely). In this way teachers not only 
coi’cr the material, they also wncoier it for auditors as well as the solunieeiv 
Science prone soluntccrs will not only answer but tpiestion as well. 

.\ comparison of their answers and <|uesttons with those of their clasv 
mates will indicate the range of their inullecuial actisity. For instance: 

Class situation A— general science. The class had been discussing meteors- 
The class, generalh, was ollering information which could he found in the 
textbook. One student, howcscr. otftred information which he had gathcml 
Irom attendance at the meetings of the local chapter of an association of 
astronomers. Furthermore, he h.ad made oWrsatlons of meteor showers. He 
naa been doing evfm work even before the topic had been brought up. CTh'* 
.V,!! itulicatcs more than anything else the nature of the commit- 

ment of the science-prone student.) 

B-b's'ogy. The class had been discussing eiiryincs. The 
1 ‘l«"onstraied gastric digestion (first tlay), and the class had done 

ory exercise on saluary digestion (second day). NW the class was 
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tion wilh the das! in J 'ol'Weercd to share her informa- 
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conversion of '’hy'dr.^^^'moY'l^''' postulateii 
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work. This work should not be considered extracurricular ("outside the cur- 
riculum") but an integral part of school work in any science training program. 

The students go on to a second year of science work. Among the many 
factors responsible lor this continuing study, two are especially important: 
the s)mpaihetic viewpoint of the administrative officers and the guidance 
department of the school toward the study of science, and the favored eco- 
nomic position, in general, of the snident body. But also the wide variety of 
available science activities invites the extension of almost any interest. 

Toward the end of the second term in general science, students selected 
(on the basis of I.Q. tests, reading scores, mathematics scores, junior high 
sdiool grades, and our own observation in the first term of high school gen- 
eral science) are given the opportunity to enter a so-called Science-Math 
Honor Class or classes. Very few decline the offer. Out of 400 who entered 
together as a ninth-grade class, some 40 to 70 find themselves in this group. 
Those students whose course programing difficulties make it impossible for 
them to enter the honor classes are nevertheless given opportunities for simi- 
lar work. 

In the honor class these students enter upon three years of enriched 
science and three years of enriched mathematics for a total of four years each 
of both science and mathematics. Generally, students of the highest caliber 
are found in this class, among them are the students who are in the first 
quartile of their graduating class. Regularly, the first ten in over-all scholastic 
standing are to be found in these honor classes. 

Several purposes are served by having these students in such classes. They 
are given a different course of greater difficulty, of more advanced material. 
They are capable of attaining a high appreciation of scientific methods and 
tlicir soci.nl implications. They are given vvorl which stimulates them to 
develop high efficiency in the laboratory and field. More important than 
these, pcrhajis. is that considerable time is spent in personal guidance, so that 
the opportunities and advantages of entering fields of science are opened to 
tliem. 

Thus, while 70 to 75 per cent of the simlent body is taking science work 
‘•ach term (many of the students not in honor classes also elect four years of 
science), approximately 200 to 210 students arc in this special science pro- 
gram.** Are we justified in making ibis selection? (Note that the selection is 
not made on tlic basis of grades alone; we have permitted students with over- 
all scholastic averages of SO to S5% to enter (his classification and have given 
them the same training: the student with an intense hobby, such as radio or 
the aillcction of insects, is also selcaesl, regardless of his grades.) Whether we 
•re jusiificd dcficniU on the data we will gather from the future achievements 
of these students in collegiate and povtcollegiate vvork. Every student is git'cn 
Ihe opportuntty to show his ability and avail himself of special training, but 

>sO( cDurwr, »»mr ttiiilmu «>ho mirr Ifie proeram ttn>p out aLm; the war; we hare 
loun.1. ho»r»fT. that twite enter the J>i*>!nain IJler. m that ilieie aie alwar* more atudetita 
tn thi» pfc^tam b» the senior year that* ihete were ocijinallj. 
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Let us CoHow an entering freshman class (ninth grade) of approximately 
400 students at the 1 orest HiHs High School.** All of these ninth grade students 
take a course m general science. Thu is designed to further understanding 
of the comnioii phenomena in thetr environment, the areas of life and Ihing 
which science might help to solve, such as the use of natural resources, the use 
of energy for doing the world's work, die problem of getting along with other 
men. and the conquest of disease. The first step in selecting and training the 
prospective scientist occurs here. 

The progress of students vvho show any signs of distinguishing them 
selves in science is noted during the first few months of the course. Attention 
is given not only to the gifted students, but also to those who show an ability 
to work with their hands, those who may have a "hobby" interest in science 
even if their science grades are not particularly distinguished. These fint 
distinctions arc dchbcrately vague, lor our purpose is to give each student the 
environment vshich will enable him to nuke the utmost use of his gifts and 
opportunities. 

At the end of the Tint term, those who have shown interest as well as 
ability to work in science are given an opportunity to Vvork in the laboratories 
during their free periods before, during, and after school.” Generally those 
who are interested ask for this opportunity. Others who have ability, as shown 
by their work in class, are invited to work; this 1$ part of the self selection 
process through equal opportunity. Some o( die activities they may choose 
include the following: 
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sight to \«atch )oung people tackle a scientific problem and, using their intel- 
ligence v.-iihoui an^ outside irttctference, emerge with a solution. 

WTiere do these )oung people get their projects? From many sourres: 
consultation t\ith teachers, with college and unhersity scientists, with par- 
ents, uith research men in industry. One other way sve have found very use- 
ful. old and new editions of Biological Abstracts, Chemical Abstracts, and 
Physical Abstracts furnish many ideas. When students smte to the author of 
the particular abstract in uhich they are interested, they get many suggestions 
(or small projects v^hich they can do on the high school Icstl.” 

Mliere do these students get their special equipment? It is not surprising 
that a school administration and a parents' association s«ni support a good 
teaching imention. Industry and unhersicies will offer not only advice, but 
equipment as nell. Many teachers throughout the country hate found that 
enormous poiential aid exists in the community ; all that is needed is a sensible 
request for a desirable purpose. .\t times the student, like the scientist, may 
also be obliged to inseni equipment or to organize a\-aitable materials in a 
noiel manner. The history of science »$ full of instances where the intention 
ol a netv tool or a nen procedure nas die key lo a major question. 

U'liere is the teacher m all this? Generally, a student asks a question 
because he is confused. To give him an answer would destroy his initiative 
and mile him dependent upon otliers. Instead of answering, the teacher 
responds with a "loaded " question which puts him on the right track, provided 
he uses his btatn and other resources, including the library. This requires 
teachers who know their science thoroughly and have aeat^ a rich library 
with which ihev ate also familiar, llvcy do not give the student answers 
which he can discover for himself by painstaking cItorL The teacher is also 
constantly avsare of progress m the bboraiory bv looking over shoulders and 
by evaluating the monthly progress reports which the students submit. 

Clearly observable veas the nature of ihc teacher who was ‘‘successful" 
with these young [xropic. Dominating, authoriurian. or latvsc/ faire. unorgan- 
ized individuals did not seem to hold ilicsc youngsters (Chap. -1). TTic pat- 
tern of the teacher generally successful wtiv as pictured in our Mr. P. (p. "8). 

In this advanced science class, rhe mature scientist could see a plaurc 
of the vcientist in-embryo. .knd this b especially m»e of the research activitv 
undertaken by these youngsters. In most cases, the student faces a problem 
he has nescr laced before. No solution Is available in textbooks, and it may 
talc two or more years of work to reach even a tentative conclusion. For 
inviance. efo rygosjwrcs of lilitzopus mgneans germinate? Many textbooks as- 
sume such germination. Several siodenis found no such evidence on the basis 
of their investigation, and ibcy had their conclusions supjiorted by several 
authorities in the field. Ilov» long does digestion lake in the food vacuoles of 
different protozoa? Wliy docs Chaos chaos appear to have only a regional dis- 
tribution' Whit factors influence i|iortin~ In »jK*cies of Coleus? Wlvat eCixl 

n Vr jjxs TKou^^iHt of Sttrter Soence Oulrt cl .Vmerwa. Virsxe S<x*5tc I71« 

S Sum. .\.VV, VVishinnon. tJ. C, 1951, 
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have found that those who have average grades of 90% or over are able 
to take the best advantage of the t)pes of training described in the following 
list. 

The students selected each term are given the opiKrrtiinily to: 

1. Engage in some "originar' research work on tlie high school level- 
Eadi student is under the close guidance and observation of a teacher. (This 
work was mentioned in aiapicrs J and 8.) 

2. Learn the expert use and operation of laboratory eiiuipment of all 
types (analytical balance, microscope, electric oven, autoclave, etc.). 

3. Learn laboratory techniques (histological, hactcriological, analytical 
work with glass, etc.) 

• 1 /^' shopvvork. including handling of common mat^ 

rials (wood, metal, etc.). 

5. Engage in library research, including college texts in biologv, physics, 
and chemistry, and other pertinent material. 

6. 1 ake adequate training in mathematics. 
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course, there are those who cannot leam to work with others. None oE these 
students are dropped from this special program until repeated attempts have 
failed to bring desirable changes; some )'oungstcr$ are retained until the bit- 
ter end, especially when their basic qualities tvarrant it. 

By the beginning of the latter half of the senior year there remain per- 
haps ten boys and girls who base participated in most of the ten activities 
previously listed. In addition, these students are most skillful in grasping 
scientific concepts, projecting them, and using them to solve scientific prob- 
lems. We believe they have the ability to be scientists. 

Among these ten senior special science students arc the three or four 
who, vse believe, may be the research scientists of the future. These three or 
four are given furtlier apprentice training in their senior year. Tliey are 
placed in industrial, college, or research laboratories to assist scientists at 
work. For such opportunities we are grateful to the many individuals in 
college and industrial kiboratorics who have given generously of their time 
and energy. These students distinguish themselves by winning extensive 
honors in the various activities sponsored by different organizations. 

Forest Hills High School was instituted in llHl. From February 1915, 
when the fint class which had been at the school for four years was gradu- 
ated, to June 1937, this program yielded IIG students considered to have 
promise as research scientists. (These include the 59 mentioned on p. 180.) 
However, approximately 800 other students have been given similar train- 
ing. ^Vhile we feel that the 116 arc of the caliber to make research scientists, 
we believe that the 800 may also enter the scientific field and achieve a meas- 
ure of success. Although we do not predict the same kind of success for them 
as for the 116, we shall check our predictions against tlie actuality. For the 
present, it will suffice to say that these 116 have achieved distinctively high 
honors in high school and college, as have many of the 800. The data are 
still incomplete for a secure evaluation of results. 

Grades are easily assigned to students who elect the honors program and 
do the activities described here. Upon admission into such a course, each 
student is given a grade of 90%. Surely he could earn this in a "normal” course 
competing with his less able and less motivated classmates. Thereafter the 
excellence of his performance determines how much of the residual ten points 
he is credited %vith. Failures, which do occur for various reasons, are also 
easily handled; the youngster is moved back into the ‘‘normal” program 
which is less demanding. 

In a small school where special honors classes are impractical, records of 
additional accomplishments (projects developed, reading completed, mathe- 
matical skills developed) can be kept for future reference when colleges or 
industries inquire about the student. In such small schools we would expect 
the promising student, if handled effectively, to excel in the regular class 
work and attain the highest grades. In one small school, youngsters corre- 
sponded with scientists, in a large city nearby, who advised them on projects. 
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docs tlie g.is produced b> Triboltum confutum have on Other insects. Other 
work includes a stud> of the embrjologv of Pliysa. diapause in Cecrojiia and 
other insects, development m vitro of certain plant embryos, studies on a 
modified method useful in the recovery of silver in photography, the stnicture 
of soils in the vicinity of the school, studies of aberrant efecirostatic effects, 
meteors, background radiation in the local area, inversion in f olvox, sporu a 
tion in lager yeast, the influence of sun spots on agriculture, a modified circuit 
breaker, and various other studies in biology, chemistry, physics, geology, an 
other fields. There is little doubt in our minds as w'C observe these young 
people at work that they are using the methods employed by the professiona 
scientist in his experiments. 

And as they work, they grow. They make the scientist's methods of thought 
their own, at least in regard to the problem at hand. Encouragingly, they feel 
that these methotls hold much promise for use in investigating social as well as 
natural phenomena. 

This early training and emphasis in the social responsibilities of sclenttsti 
are of the utmost iinpotunce. These boys and girls are still plastic. Perhaps 
if we train our students in high school and even earlier to see themselves a» 
citirens fint and specialists later, wc shall not have the situation which Dean 
Harry J. Carman of Columbia University (now retired) dcscribetl in these 
terms; "In public life wc are ruled by scientific ignoramuses, and in the scien- 
tific laboratory we have, for the most prt. political and social illiterates." The 
elimination of this state of affairs is one objective of our program of general 
and special education. 

At the end of the lenili grade vve have, then. 40 to 00 youngsters who are 
ready and willing to cmb.vrk on an extended period of work. Each day for the 
next two years, they have one period of science, one period of mathematics, 
and one period of laboratory work on a personal project, if they vvish it. 
Those who do not work on projects in school (and some who do) generally 
work at home. In doing their personal project work these students must read 
source material, plan experimenu, order materials, construct equipment-in 
short, over a period of two and a half years, carry out in a small way the meth- 
ods wliicJt serve the scicniist. Their leacfters are ready to advise them, hnt 
advice is forthcoming only when the problem presented is worthy of consid- 
eration by the sponsor and is not indicative of latiness, poor thinking, or 
poor working method. In the case of the latter, the student is given whatever 
guidance is advisable and turned back to his work. 

During the following two year period (junior senior) many students drop 
out of the program. Some find that athletics and social events are more 
important to them than science; others are not fitted, through lack of even 
the simplest manual skills, to carry on the work; still others lack originaliiy- 
Those few lacking in honesty or a sense of responsibility are first guided by 
the sponsor, who attempts to produce changes in attitude: if repeated at- 
tempts tail, the student is advised by the sponsor to seek other work. And, oI 
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the NavionaJ Science Teachers Association, 1201 16th St., N.IV., Washington 6. 
D. C 

9-3. Hase sou read the Occupations Handbook of the U. S. Bureau of Labor 
Statistics? If you are already teaching, do you Veep a card file of sources from 
svhich you can obtain materials about scientific careers? Hase you explored 
the svealth of materials flooding your Guidance Depanment? Do you work 
closely svith your guidance officers to screen and utilize these materials? 

9-4. You may find it useful to start a card file listing governmental, collegi- 
ate, and industrial scientists who svould help you and your students. One smalt 
school has a list of oser 60 within their own town. If you are now teaching. 
Avould your PTA or the children help search out your local resource people 
and gain their cooperation? Would this stimulate greater public interest in 
your science program and in the school? 

9-5. Hase you examined closely the publications, books and periodicals, 
asailable in local school and town libraries? If you are noss' teaching, hase 
you explored the possibilities that the PTA, local sersice dubs, or even the 
school system itself might finance many of (he items you need for the use of 
the boys and girls? .\re there Kieniists near you svho would give the school 
their copies of journals useful wiih students? 

9-6. WTiat steps sTOuld you take if you were to explore the possibilities of devel- 
oping special opportunities like those desalted here? M'hat persons and groups 
ss'ould you contact for ad\ice and encouragement? On what problems of 
scheduling, pupil motivation, facility usage, equipment, and so on. would 
community support be helpful? On what aspects of the proposed acthity 
would community support be critical? 

9-7. The bibliography following is intended to help you develop your own 
inventions in teaching the sdence prone. {Note the recency of the publication 
dates. Is this but a present trend soon to give way to another interest?) 


American Association for Gifted Children. The Gifted Child, ed. by Paul A. IVitty, 
Boston; Heath. 1951. 

Baker, H. J., Introduction to Exceptional Children, N. Y.: Macmillan, 1953, pp. 282-89; 
rev. 1935. 

Barbe, Walter B., "Differentiaied Guidance for the Gifted,” Education, 74:306-11, Jan. 

1954. 

Bennett, P. L.. “Reading and IVriting Programs lor the Talented Student," 

Journal, 44:335-39. Sept. 1955. 

B^andv^ein. Paul F., The Gifted Student as Future SaenlisI, N. Y.: Hareourt, Brace, 

1955. 

, “The Selection and Training of Future Scientists,” Scientific Monthly, 54:247-32, 

1947. 

.‘The Seleaion and Training of Future Sdentists, 11. Origin of Sdence Interesu.” 

Science Education, 35:251-53, 1951. 


THE SCIENCE fSONE 197 



The teacher's responsibility 

Each science tfacliei must anssier this i(uestion for himself: "Whai is my 
pan in the stitmil.iiiun of students svith high ability in science?” A plan 
found useful in one large high sdioul has been sLciched here. No doubt bet- 
ter plans are being praitutd and it seouhl lie exceedingly saluable if these 
were thoroughly described. 

One thing is clear In school esery year arc certain students uho may 
become competent scientists Whether they uill or not depends in prt on us. 
These students should be gixcn an opportunity to develop their skills at the 
earliest possible time. Where varicsl and attractive op|>orttinitics arc avail- 
able, interested students v\ill seek to fulfill themselves in science. 

It is urgent that professional science look to its sources: a steady flov/ of 
the highest type of young men and women, and the f.vcitities to train ilicm 
And, most important, we need— des|>eratcly— the teachers who have the train 
ing and maiurily to develop the future scientists of the United States. 

If. indeed, the boys ami girls of this country arc the national resources 
upon which we must draw to solve the ptesving jiroblem of our shortage of 
scientists, then those who teach them remain the key to the solution of this 
problem. 


An excursion 

info developing your own invention 
In teaching the science prone 


9-1. A Problem: What is your opinion on the following pairs of statements? 
(a) 1. "In a heterogeneous group, the bright child discourages his ciavt 
mates; often he misleads his teachers as to the canabilliies of his class- 
mates." ‘ 


lead'" * •’««cigcncous group, the bright child has the opi»rtimity w 

(b) 1. "Heterogeneous grouping i, democratic; in a democracy different 
groups hvc together roojsmtively." 

2. "HeitroEtncu, gioupin. j, undcm„c„iic; in n democracy m are 
free lo chomc our orra a..m;bic and »c choo.c iho.e i 
nomic and intellectual group." 


r socio-eco 


9-2. Have you seen: 

(a) £«o„,.Emg F„„„c (infom.a.ion on 

careers, awarvls to future scientists’*) 

(b) £"™T.S;ng fuinre 
(where to go for help). 

Both of U.C.C are publi.hcd b, rhe Scicn.l.r. „[ America Fonnda.ion. 
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Teacher; The Very Superior Puptl: Tentative Plan, Long Beach, Cal., 1935, 1934, 
and 1932. 

Los Angeles County Schools, The More Capable Learner m {he Secondary School, 
Secondary Curriculum Monograph M-72 of ihe Office of the County Superin- 
tendent of Schools. Los Angeles, 1951. 

MacLean. Malcolm. "Should the Gifted Be Segregated?" Educational Leadership, 
13 215-20. Jan 1956. 

Maeiel. M.. "What to Do About the Child ftodigy,** Elude, 68;12-15, 60-61, Aug. 1930. 

Malhnson. George Grcisen, and Harold Van Dragt, "Subility of High School Scudenu: 
Interests in Science and in Mathematics," School Review, 52:362 67, Sept 1952. 

Martens, E. IL. Curriculum Adtustments Jot Ci//ed Children, U. S. Office of Education 
Bulletin No. 1. Washington. D. C.. 1916. 

Maninsoci. R. .A, «t at.. Study of the Gifted Child, Sacraiitenio, Cal.: Congress of 
Parents and Teachers. 1932. 

National Society for the Study of Education. Forfy-Xinth yearbook. Fart 2, Education 
of Exceptional Children, Chicago: U. of Chiogo Press, 1930. 

New YorV State Department of Education. Rright Kids: We S’eed Them, Albany, 1955. 

Newland, T. Ernest, "The Gifted," Review of Educadanal Research, 23:417-31, Dec. 
1953. 

Oliser. A. I.. "Administratise Problems in Educating the Gifted,’’ Salion's Schools, 
48:44-46. Nov. 1951. 

Palo Alto Public Schools, Meeting Indnidual Di0etences. The Gifted Child: A Hand- 
book for Teachers and Administrators, Palo Alto. Cal-. 1955. 

Passow. A H., Miriam Goldberg. Abraham Tannenbaum, Will Frendi, Planning for 
Tolentrd Poulh.- Consideration for Public Schools, Horace Mann-Lincolrj Institute 
ol School Experimentation. N. Y.: Bureau of Publications, Teadters College, 
Columbia Unhenity. 1953. 

Philadelphia Suburban School Study Council, Guiding Your Gifted: Handbook for 
Teachers, ddminisiratorr and Parents, Philadelphia: Educational Sertice Bureau, 
School of Education, U. of Pennsyhania, 1951. 

Pressey, S L., "Cunicular Enrichment for the Cified," Educational Leadership, IS: 
232-35, Jan. 1956. 

Re*. Butt R., "The Gifted Cliild in the Heterogeneous Class," Exceptional Children, 
19:117-20, Dec 1952. 

Roberts, H. E.. Current Trends in the Education of the Gifted, Sacramento: California 
State Department of Education. DUhion of Guidance. 1951. 

San Diego County Schools. Suggested Enrichment Activities for the Gifted Child, San 
Diego: Office of Superintendent of San Diego County Schools, 1951. 

Sdieifcle, Marion. The Gifted Child in Ihe Regular Classroom, N. Y.: Bureau of Pub- 
lications. Teachers College, Columbia Unhersity. 1933. 

School and College Study of Admmion with Adtanced Standing. College Admission 
with Advanced Standing: Ilullelin of Information, Philadelphia: William IL 
Comog. Exceutisc Dircaor. e/o Central High School, 1951. now at New Trier 
Tw^>. High School. Illinois. 

Shepperd. G.. "Teaching the Gifted in the Regular Classroom." Educational Leader- 
ship, 13:220 21. Jan. 1956. 

Stalnaler. John .M~ “Schobrship .\id: Import and Sourtci." in Current Issues In 
Higher Education, 19)6, e«l. by C. Kerry Smith. Proceedings of the Elesentli 
.Annual Cnnlerence on Higher Education. Washington, D. C.; Association for 
Higher Education of the National Fdiieatton Association. 1936 

Strang, Rutli. "Gifted Cliildren Necil Help in Reading." Reading Teacher, C 23 27, 
1935. 
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Brandwein, Paul F . "The Scleaion and Training of Future Scientists, III. Hypotheses 
on the Nature of ‘Science Talcnl,' " Science Education, 36:1, Feb. 1952. 

Braun, L. Some Einiehment Techniques for the Above Average Student, Denser: 
Unisersity of Denver Workshop. 1952. 

California Elementary School Administrators Association, Tmenty-Sitth Yearbooi, 
The Gifted Child in the Elementary School, Sacramento: State Department ol 
Education, 1954. 

Cole Charles C , Jr , Encouraging Saentific Talent, N. Y,: College Entrance Exami 
nation Board, 1956. 

Commission on Human Resources and Advanced Training, America’s Resources of 
Specialized Talent, ed. by Dael WolHe. N. Y.: Harper. 1954. 

Cutts, Norma E , and Nichobs Xloselv. Bnght Children; A Guide for Parents, N. Y.: 
Putnam, 1933. 

, "Bright Children and the Curriculum," Educational Administration and Supei 

vision, 39.168 73, March 1953 

ffo'iding for the Bright Child in a Heterogeneous Group." Educational Ad 
minirtration and SHperoiiion. 39 225 30. April 1953. 

. TeacXmj tiie Bright and Gifted, Englcnood Cliffs. N. J.: Prentice Hall, 1957. 
Denver City Schools, Department ot Instruction, Enrichment Proiects, Denver. 1951 
Eads, Lama K , and William H. Bristow, The Education of Superior Children, N Y,- 
Board of Education ot tlie City of New York. 1948. 

£du«lion_for the Talented m Jlfafh<mai,Vj and Science, V. S. Office of Education 
Bull«,n No. 15, prepared by K. E Brown and Philip Johnson, ^Vashington, D. C, 

“m"'" 
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Ap^ll i954 of Secondary School PrincipaU Bulletin, 88 368 80, 

■'Sf«d ChM Children," Library Journal. 80:2631, Nov. 15. 1955 

Gifted Bibliography of Il’ritmgj on the 

G^ted Child, Los Angeles- University of California ft Lof Angeles. 1955, 1956, 

EduMtiMa'I O" of Gifted Children, Supplementary 

<ng The Gifted, and The Screen 

Program Supplemcntin,%2 ^bildren m a Community Youth Development 

Pre^i952 ^ Monograph No. 75, Chicago- U. of Chicago 

‘he Cilted,- Educational Leadership. 
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Section Three 


INVENTIONS IN 
SCIENCE COURSES 


|n this section on scope and seguence w'e shall examine the science cnrticu- 
lum. Oui effort is to present various eiamjdes of what high school science 
teachers mean by chemistry or biology or phy'sics. Separate chapters will 
present tJie “structure and approach” for each science course in various schools 
and for various students. In this way we hope to provide not only useful 
descriptions of the courses, hut also insight info the total science curriculum. 

By definition, a curriculum consists of all (he activities, both intent and 
content, within file school which fit the pulses or objectives of tJie school. 

It consists not only of courses of study, areas of scholarship, but also of 
activities in class and outside of class (field trips, assembly programs, special 
projects, etc.). Yet when teachers speak of revising the curriculum, fhej' speak 
mainly of the individual courses of study. Rarely do they mean all the activities 
which serve the school’s purposes. 

This entire section of nine chapters is, in a sense, a single chapter. It is 
concerned with the total science curriculum, with all the courses of study 
and all the activities. Chapter 10 sets out some general comments, questions, 
and viewpoints. The following sue chapters develop each subject area. Chapter 
17 deals with the unit within the course, and Chapter 18 is the continuation 
and conclusion (the “Excursion," as it were) of Chapter 10. 


Chapter 10 
Chapter 11 
Chapter 12 
Cliapter 13 
Chapter 14 
Chapter 15 
Chapter 16 
Cliapter 17 
Chapter 18 


HnHODUCnON to course BUILOtNC 
SCIENCE IN THE IXEME.NTABV SCIIOOE 
THE COURSE IN PIOLOCV 
THE COURSE IN CHEMISTRY 
THE COURSE IS PHYSICS 
THE COURSE tN GENERAL SCIENCE 
THE COURSE IV PHYSICAL SOENCX 
THE UNIT I.V THE COURSE 

BUILDING THE SOENCE COURSE AND CURRICULUM, CONTINUED 


At the end of this study in scope and sequence, the science teacher should 
have a starting point and direction for his efforts to develop or modi/}- his 
ow n curriculum and courses. This can be done despite the diversify of schools 
and students because the niafor questions that must be asked ate the same 
cvcryvvherc. Only flic answers arc tailored to local conditions. 
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widely accepted by educators. In 1900 this was not so, nor was it so in 1920. 
This is clearly a recent trend. An example of such a continuous curriculum 
plan, in New York City, is presented in Table 10-3. Similar plans may be 
obtained from most of the agencies concerned with curriculum deselopment 
in the major cities of the country. 

Whether or not we appto\e of the particular plan diagramed is not the 
point It is an example of a major deselopment in science education through- 
out the country, the creation of a continuous science program from the kinder- 
garten through the twelfth grade. AXTiat effect will such a program in science 
have on the thinking of people m the next two or three generations? On their 
skills? Knowledge? Attitudes? 

Continuity of experience in science means more than just a sequence of 
subjects; it also means a sequence of larger concepts or problems in many 
areas within a curricular organiiaiion that serves the purposes of the school. 
Note (Table 10-2) how the Forestry Service of the U. S. Department of Agri- 
culture, in collaboration with teachers who specialire in this area, conceived of 
the introduction of problems and concepts dealing with conservation. Note, 
also, how their development of the problems and concepts of conservation is 
related throughout the grades. Only a condensed version is given here; the 
complete statement may be obtained from the Forestry Service. 

Concern for and the design of a twelve-year science program does not 
imply that all studenu will be enrolled in the program every year. Table IQ-l 
indicates the percentage of pupils in the last four years of public secondary 
schools who have been enrolled in high school science courses- 

While the figures in Table 10-1 are as accurate as we could wish, they pre- 
sent a misleading picture, for two mam reasons: 

First, the percentage of young people of the appropriate age who do en- 
roll in high school has increased tremendously over this span. Between 1900 

TABLE 10-1 Percenfage of pupils enrolled in public high seboofs 
who were enrolled in science courses * 


I'ror General Saenet 

Btologe 

Chemistry 

Physics 

ISOOt - 

- 

10.1 

22.8 

1900 


7.7 

190 

1910 

l.l 

69 

145 

J915 - 

69 

7.4 

14.2 

1922 I8J 

8.8 

7.4 

89 

192S I7J 

156 

71 

65 

1931 17.8 

H6 

75 

65 

1919 208 

ISt 

75 

54 

1956 2I.S 

205 

75 

4.4 

• Kcimclh S. IlitiMii. OHerincs anil /.rtroHinrfilr m Sttenre end Malliemal 


Schools, L' S. iVikiilniml o( litucalioi 
6<c. VVavliinston, D. C. 1937. 

r» ramphlct No. 120, U. S Covemmcni Printing Of- 

1 Pirwiiia/ Survry 0 / Educalion iit the VnileJ Stala . 
Otfite. IVavhin-ton. 1). C.. 1931, Oijpicr 5. p 107. 
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CHAPTER 10 


Inventions in science courses: 

Introduction to course building 


A note al the beginning; This is an introductory chapter to be extended ajter 
a study of this entire section. The reason for this is pla'’' 
\Ve cannot profitably' consider the development o£ a 
plete science program until we have examined the thinking 
of teachers, those who put courses of study into practice by 
using them to help children learn, and in learning, gro" 
In Section I we examined some aspects of the scientific 
enterprise: what scientists do and why, and what lhi» 
means to teachers of science. In Section II we considered 
patterns of science classes and of science teachers. Abay*' 
as we have emphasized, planning is the key to effectne 
teaching. Now we turn to the basis for over-all planning of 
science icaching—the science curriculum. What is beifl 
done throughout the country? How is this different from 
what was formerly being done? How has the curriculum 
failed to change even though many have stressed the reed 
for major changes? In the curriculum we bring togetfaer 
the several threads; science. learning, children of different 
attributes, and teaching. 


Trend, in developnr.rt of ,he corriculom 

throughout the authoritatively for curriculum developmen 

opment of the sconce or trends, in the desel 

umculum seem evident during the past fifty years. 


Trend 1. Con,;„ei,, e,pe„,„„ 

school through the hi.h''*'i!*^ i*” *'—'**? - curriculum from the elemen 

htgh school. A especience i, b, 
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StSlOK DtCH <a>OOL 

l'tid<Tjl«nding, CoHlroJ/ing, and ImpTming Cfoop Kelalumifiips, and 
Trends in Modern Sonely 


Improvement of living conditions through adapialion of forest products Making a home 
for comirucuon. insulation, and beautification. 

The relation o( forests to housing: prefabrication of Hooden houses. 


Siabili/ation of cmplosment in forest K-orl. and forest industries by £ommga/hdng 
proper tnanagement icunservaiion) of ilie forests. 

Changes in forest lalnr conditions Rest use of land. 

Greater utiliiaiion of forest products, not lubsiiiution, means greater 

C sibililies for conservation 1 he problem of the people on submarginal 
ds bni fiitetl for forest production. 


Developing and utiliting our forest and range resources for the greatest Performing Ihe 
good to the greatest number Cooperation bMvvcen Weral government, reiposMifiifitiet 
iiaies, and private forest UndoMneri in forest protection, tree planting, of riffsenifi/b 
forest management and forestry extension Uise use of the natural 
resources for national security and prospents. Forests in our national 
defense program. 


The place of research and planning in regard toeonservation of natural 
resources. Reforesting devastated forevi areas and submargvnal farm 
lands. Prevention of Hasieful exploitation. 

1 he inierdrpcndenre of natural resources, atnportance of forests in rnn- 
senauon of soil, uaier. and «ildbfe. Soentiue use of forest rcsouitcs 
In harmonv with the tulance of nature Protection and use of wain- 
ihctU ifiigatlon. hvdrcwlcark power, and nasigabihiv of simms main- 
tainevl be forested and uelt-grasscd watersheds, forest highw-ass. pur- 
and salues. forest and range conscrsalion as a tand use policr. 

'letnpeiing winds and coUf by establishing shelter belli, relieving strain 
of monotonous landscape. 

Ihe mainieiiance of national and state forests as stenk ams. Exprening ipitii- 

uaf, meilhelif, and 
rmolional {mpnJses 


Ihe maintenance of primeval arras in forests wiihnut human use or Engaging in 
inirtfctence, rserpt to protect liom fire, to cssfoy. and lo traverse onir rrrrcalion 
by fool or horselucL or canoe. Foirsts at tisici; memorials. 

'Miy the stale irnl frvirral goveinmenis ptosMe forest recreation. 

Rcctraiion an<l emplovmenl. Ilosr management of forests is adaptrvf 
lo rrcTrattonil neests. Recreation as ■ land use. Recrcatinn lo aehlrse 
tnoir lalinc^ living. 


rontert-fn; and 
fmprorfng mafeWaf 
eondliiont 
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TABlf 10-2 Integrating forestry in fhe modern tutrkufum 


ELINtINTAKY SCHOOL 

Inputnee upon Lift in (Ac 
Hofne^ Sctiootp end Com 
momly 


JUMOR HIGH SCHOOL 
Adoblation of the Individual to hit 
Pnysirat and Social Environment 


Mating a home 


Earning a lRi'n| 


Things in ihc borne 
ihe forest Home bfe in for 
est lands. Effetl of abun- 
dinee or scaiais of forests 
upon houses Improsing 
home ground thxoi^fa tree 

How the pilgriins, Indians 
and pioneers used the forest 
and wesiem range bndt 
What the woodsman does. 
How forest industries gise 
work to many men, rural 
and urban, ^\hat the 
farmer uses and sells from 
his woodloL 


Importance of forests to housing in itiis 
and other countries Comparison of usa 
of forest products in colonial and nod 
em homes. The varied uses of different 


.Making more efficient use of forest prod 
ucts, elimination of waste. How different 
parts of our count?) and other couniriei 
use Ureir forests. How forests affect iians- 
porlation, communication, trade, indus 
It), and agriculture IIoMt forests deter 
mine where certain indusines deteiop 
The importance and uses of the standmS 


Ferlorming the 

riipondbiUtut 
Of eillieruhip 


Conserving and 
imprning materlat 
eondilions 


Our manners in the woods 
Presenting (oresi fires Pro- 
tecting our forests from In- 
sects and diseases. How the 
forest ranger protects the 
forest. How planting new 
forests helps ihe CDiomu. 
tut). 

Caring for and pioieciing 
plints and wildlife about 
the home and in the com- 
manit). Impiosing home 
ensironment with (tees. 
Forest homes and commu 
niiin endangered by forest 
nreL Tree planting stops 


Some great leaders who >>810 helped^n 
tablish forest consenaiion policies, l"' 
agenaei of governmenc that manage out 
foreus and range lands. How forests ^ 
in the deselopmeni of other natural ^ 
sourceL The duty of the atijen lowara 
forest conservation. 


dow forest fires sun and are <ontroHrf 
>estroni\epraeiieet in the use of (o«« 
ind ranees. Technical adsinces in 1“'“ 
Jeimg. Researth in forest use and w 
ipplication to industry and communii' 
tability. \\’hat may be done to impTO*' 

oret and range use How refoTesiaiton 
ind other forest improvement work u 
arrted out. Imporuuce of soil to p**”' 


ssing spiril- 
ifArtic, and 
ai impulses 


Use of trees and shrubs In 
beauiit)ing borne and school 
grounAi. Telling oibers 
how forests aerse ns. The 
lessons we leans from the 


Architectural u 
finishing wood to bring 
Preserving and creating beaui 
forest ensironment. fnspi'*" 
and enjo)ment of thi 


it wood Methods of 
beaut' 
in the 

luVaT'bMUiy of 


Making fore- 


■ailaW' 


' 'o Help Teaeh Forest Co> 


- Jpisi 19S2. Also ask for publication 

nuervaisofi. Forestry Sen ice. U. S. Department of Agncui 
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Academic 


Regents 

General 

Special end advanced 

Biology + 

General 

biologv 

Biological teduiiques 

Earth sdence-f 

General 

Qoalitatiie analysis 

Chemistry J 

Applied 

chemistry 

Advanced chemisciy 

Physics t 

Applied 

physics 

Advanced physics 


Vocational 

Basic science 
Related science 

Vocational— trade 
Vocational— technical 


^ORered in tenth grade 
J Offered in elesenth and twelfth grades 


d. The enrollment in elementary algebra (l,2(H,500) is equal to 64.5 per cent 
of the number of pupils in the ninth grade. 

e. The enrollment in geometry (664,100) is equal to 37.4 per cent of the 
number of pupils in the tenth grade. 

The data abote are based on a study of a 10 per cent sample of public secondary 
day schools. 

Nation-tvide oter 1,300,000 pupils, approximately 72 per cent of all 
ninth graders, are enrolled in general science. Is this course, often a required 
one, meeting the needs of the children? For many children general science, 
with perhaps biolog)', are the final courses in science. Are these courses help- 
ing them become adequately prepared to meet their personal, community, 
and national problems insotving science? 

^Vhy are 72.6 per cent of all tenth-grade students enrolled in biology? 
WTfy is the enrollment in chemistry only 31.9 per cent? And that in physics 
only 23.5 per cent? Is it because biology meets the needs of more young peo- 
ple? Is it required? Is it easier? 1$ it better taught? Or are there other reasons? 

Questions such as these will be considered in the following chapters. 

To the reader; You may u'lsli to turn notit to p. 217, near the end of this chapter, 
where tee describe briefly a continuous curriculum, from elementary through 
high school, with special emphasis on different programs for students of differ- 
ent abilities and (apparent) destinations. 


Trend 2. Diversificafion 

E\cn a cursory examination of the curriculum plan in Table 10-1 shows 
that attempts are being made to meet the needs and interests of sarious kinds 
of young people. Clearly the differences in age lesel are being considered. 
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TABt£ TO-3 Science in eiemenfaiy ond seconciory schoofe * 

rUMENTUV saiOOL JlMO* HIGH SCHOOL 


rhnii and emmati hOH ilie\ ii\c hov> Ihn 
t-»lp itiin. how thev help each oihrr 
llesilirr i|] iTtanir«ia(iom lU eflrcis on 
man how man protects himsclt trom ii 
< oriniuntfaljm bs sound, b) lelc^aph bs 
liRhi In radio hs television 
7 rsniporfolJoii on lard on water intheair 

flerlrtcitv how it woils for us how il is 

disiributrd 

The earth and tU rrtateriaU its reSDUTCCS its 
The eerih’in ipaee the objects in the tljr. ihe 


Cmrfe 7 loti and your place in the uorld 

getling anjuaimed with jourseU. gtiiins 

acquainted with )Our world. 

Grade S Iloa! science helps you meet your 

baste needs' increasing and itnprosing sour 

food luppl). improving jour housing and 
clothing; making work easier. 

Grade 9 A better world through seierice'oar 
atomic siortd; prolonging jour life: improv- 
ing communication; speedier transporta 


from rumeidumi and Maltnals, Vol 10. No 1, Board of Education. New ^otk Citr. 

vpt ir,j. 


and 1930 alone, this percentage increased from S% to 64%I Thus csen svbere 
the percentage of high school students enrolled in a particular coune hw 
decreasetl, the percentage of the total hi^h-school-age population taking that 
same course has obviously inaeascd considerably. In short, more of our young 
people are taking science courses than ever before. 

The second reason is indicated clearly by Brown: > 

Instead of tising all the pupils in the last lour years of high school as a base fw 
computation, perhaps it would be easier to undeniand it the base were ihe 
number of pupils in the grade in which the subjea is usually taken. For example, 
the number of pupils enrolled in physics in the fall of 1954 was 4 6 per cent of 
all the pupils in high school. Also it was equal id 23J per cent of the number of 
pupili in the iwelftli grade. It is mie that all the pupils enrolled in physics were 
not {fom the tweltih grade. Some were from the eleventh grade. Also some of the 
twelfth grade pupils m 1954 took physics the previous year. However, it is reason 
able to assume that 233 per tent it approximately tlie percentage of high school 
graduates in 1934 who have had phpics. 

Using the grade level enrollment at which the subject is usually uken as the 
b«c. the percentages of popik enrolled irt certain science courses in the fall of 
I'JjI are given below. 


a. The enrollment in biology <ia)3,900> i, equal to 72.6 per c 
number of pupils in the tenth grade. 

b. The enrollment in chemutry (182.700) is equal to 51.9 per c 
number of pupils in Ihe eleventh grade. 

c. The enrollment in physio (302^00) is equal to 233 per cent of the number 

of pupils m the twelfth grade. ^ 


It of the 


^^ilar data on enroUmenu in high school mathematics in the fall of 1954 ifc: 
^Ken wh E. Brown. SilKmai EnrotlmeiH in High School Sdence." The Seience Teacher. 
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science is used to differentiate it does indeed look to the development o£ 
experts. Hence there is a trend toward developing science programs for all, 
within the framework known as general education— for the expert in science 
and the non-expert. 

Trend 5. Correfah'on of subject areas 

Even when science was taught within a narrow boundary, scientific infor- 
mation and experience necessarily spilled over into other areas. After all, it is 
one world, no matter how we choose our viewpoint. For instance, conservation 
and the history of science are discussed in social studies courses, atomic energy 
in economics, water supply in civics, problems of volume and flotation in 
mathematics. 

Similarly, other areas necessarily spill over into science. Certainly graphs 
and equations as well as arithmetic are continually involved in science. Lan- 
guage arts are critical in science, for scientists think and communicate clearly 
and students must also. Social studies enter whenever any scientific topic is 
followed into the social world of technology, economics, and social judgments 
as a basis for action. 

Where a problem of wide implications is introduced, it is very often han- 
dled in many areas at once. Note, for instance, the example of the treatment of 
floods shown in Table 10-5. 

Of course, modern elementary schools, which are not deparimentalired, 
and some high schools have been correlating their science experiences in “core 
programs” (see Chapter II, Science In the Elementary School). Science in the 
core program will be tliscussed further in Chapter 17. 

Trend 6. Increase in laboratory work 

Early in the development of science teaching in this country, not only was 
laboratory work consistently a part of the planning of high school teachers, but 
it was inconceivable that a high school could be built without a laboratorj. 
Also, the double laboratory period was a fic(|ucnt practice. 

Now we seem to note these trends. First, laboratory work, that is, work done 
by students as compared with demonstration work by the teacher, is an in- 
tegral pan of science teaching. In fact, I.iboratories are now built in junior 
high schools, and laboratory corners arc l>eginning to be found in the elemen- 
tary schools. 

However, up to the lime oi tVic eanh saicWte the amount ol time given 
over to laboratory work as compared with demonstration work seemed to be 
decreasing. We noted, for instance, fewer and fewer double lab periods, and 
more and more demonstration work suggested in published curriciihims. ^\’e 
noted a tendency to build feu'er laboratories in the nevv schools, although some 
laboratories arc included in all schools. The satellite highlighted our needs in 
science and this trend of decreasing lab time seems to l)e on the reverse. 
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Note the type of material proposed for the elementary grades and compare it 
with that for the junior high and senior high school grades. ^ 

Differences in aptitude are also being considered. Applied chemistry is 
less difficult than the Regents or college-preparatory chemistry course: for it 
involves less mathematics, less detailed knowledge, and less use of formulas 
and equations. 

Trend 3. A chonge in fhe purposes of insfruef/on 

There was a time when courses in high Khool were given over to "pre 
paredness for college " In some schools this objective still exists, but not in us 
utter purity, it is being modified and the science taught in these courses is being 
made significant and operational in the lives of young people as they develop 
toward adulthood. The memonration of information is not the sole purpose 
of instruction, concept forming through problem solving is gaining increasing 
importance. 

The distinction perhaps is made clearer by an example from the course 
of study in Science for Secondary Schools published by the State of Pennsyl 
vania (Table 10 4). The committee which developed the bulletin purposely 
chose a topic which is standard, prosaic, and information-centered, to show 
how even a topic of this type might be given meaning. The content of this 
example is not especially important: the inient is. A study of the chart at the 
end will indicate the reasons behind the unit outline. The chart indicates one 
reason for teaching science. Science can be used to meet the imperative needs 
of youth. 

Trend 4. (ndividualizoh'on of inslruch'on 

There is an attempt within any class activity to Involve as many individuals 
as possible, to allow all interesu to display themselves. Note the sample lead’ 
ing plan in Table 10-4. Extracurriculai activities are within the purview of 
this trend: so are special classes; so are projeos and reports. The gifted, the 
able, the middle of-the road, the Jess able ate also in the picture. 

Clearly it is evident that science in the public secondary school is emerging 
as a part of general education (see Trend 9). This does not mean that science is 
not being used to attract individuals who will later make it their life work 
(see Chapter 9, The Science Prone). Indeed, we should never infer that a con- 
tent area in general education is not meant to appeal to those who will special- 
ize: the word “generar' should not, and is not meant to, have the connotation 
of exclusion. 

General education b meant to connote education for all. It looks first to 
the education of the individual as a human being living in our present and 
future society. Hence general education u meant to integrate as well as 
entiate. Where science is used to integrate, it is meant for all young people; for 
they will need to solve those problems in which science plays a part, and they 
will need to cooperate with experts (doctors, engineers, scientists, etc.). Wh«e 
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The 


The 


Activitus Put ueel.'s assignment on Group planning for mdhidual and committee 

board. actisilies and reports to accomplish folloumg- 

MaLe large diagram of Provide for research as many t^ks on fish as 

fish on board. can be obtained. 

Present the topic and Secure and display around room colored pictures 
label the diagram. of fish (mocitacion). 

Shoitf some pictures of Secure large biological model of fish 

fish. Arrange for demonstration disscclioo of either 

Read and discuss lenu taw or cooled fish. 

with class dailv as Contact Home Economics Department and ar- 
prtparaiKm for tvome range for fish luncheon (teach etiquette^, 
assignments. Investigate possibility of trip to an aquarium 

Conduct class recitaltons or hatchery (teach techniques of planning; 
on home assignments. teach proper conduct in public vehicles). 

Secure paper, paints, crajens. and arrange for 
art teacher as consultant for art norl 

Investigate possibility of Saturday hike where 
fishing can he done (good human relations, 
leisure time activities, planning, Tepotulbilicy). 

Arrange with local sports store for detoonstration 
of fishing tackle, bait, flies, etc. (teach good 
sportsmanship, leisure-time activities). 

Condder possibilii) of having someone teach in 
leresicd group to make artificial flies (letter of 
inviuiion aod thanks) 

Get clay, soap, tools for caning and modeling 
(permit some of this while researth reading is 
^ing done). 

Suggest and assist pupils to secure, furnish, care 
for an aquanum (teach principles of balance 
■n life: go^ acui ity for nonreaders). 

Find a tropical fish enthusiast and arrange for 
talk on and display of them (leach reproduc- 

Stimulate interest of brighter pupils in making 
scieolific investigation, developing bc»Uets, 
developing reference lists, hunting up classifi- 
cavion. accumulating clipping files, sending lot 
free and inexpensive materials. 

Don't forget keeping of records of aM kinds by 

Culrninoting None. Committee reports, displays, and individual 

acth-iliei records. 

Eeoluotion Ciic. mail, icturn vets. Arrange (or tests of facts learned. 

Reieach facts not known. Have group discussion of strengths and vveak- 
Give another lest to those nesses of planning committee work, committee 
vvbo failed. leaders, behavior on trips, learning experiences, 

development of interesu. skills, abilities. 

kVhat drill and formal instruction arc needed’ 






W'hether this is dearly a trend will need to be established in future ob- 
servations. We svould be optimistic, howeser, to assert that there are major 
constructive trends in iJie use of laboratory work in science courses. As vve 
shall see later, the significance of laboratory work has varied greatly within 
the past fifty years. The present status of laboratory work appears to be far 
from what it could be, and (on the basis of our description of science as con- 
cept seeking) what it should be. 

Laboratory space and equipment is very expensive, costing about twice as 
much as the same space fitted as a regular classroom. Schetluling laboratory 
time, especially the double period, is an administrative headache. For many 
students laboratory courses seem to have "extra work," both within school 
lime and in the preparation of reports at home. Yet direct firsthand contact 
with selected phenomena is the essence of science. Often, unfortunately, these 
selected phenomena arc not the result of an orientation toward science as a 
dynamic intellectual enterprise, nor tow-ard science as relevant to the lives of 
the children we have in school. An examination of workbooks supports this 
conclusion. 

However, many inquiries confirm our common observation that children 
enjoy laboratory work, even In the routine form followed by most schools. 
The outstanding success of science fairs, involving oira work on the student’s 
own time, clearly shows that pupils vvant to vvork in the laboratory. They want 
to do something, especially when it has meaning for them. The place of the 
laboratory in our science programs is established, yet the special place the 
laboratory should play in instruction deserves oreful appraisal. 

Trend 7. Increase in the use of mathematics 

Those teachen who have done any kind of research in science know that 
very few aspects of scientific research can be done without reliance on mathe- 
matics. Mathematics is a language of «ience. aside Irom being a "pure" science 
in itself. Yet they know how difficult it is to introduce quantification into 
science teaching; the use of numbers and mathematics presents difficulty to 
many students. 

There is, hcn»ever, a noticeable trend to introduce mathematics to quan- 
tify phenomena— if only for the science prone. For example, terms such as 
“light-year" and "half-life" are beginning to appear in general science even 
though for the non-sophisticated in mathematics these concepts are difEculL 
Even the calculus is increasingly found In advanced physics courses. 

\Mvat is the effective place of mathematics in secondary school science? 
Over the past half-century there has perhaps been a trend to lessen somewhat 
the mathematical aspects of science courses. This has occurred mainly because 
certain groups of students were found to be unable to utilize geometric and, 
especially, symbolic algebraic descriptions. In some instances, probably too 
much mathematics has been removed from courses for the more capable stu- 
dents. Or, where science shy and science prone are taught together, the science 
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TABLE 10-5 Relah'ng fhe flood problem to the eurrkulum * 

This chaii shows how a slud/ of the flood problam can enrich oil subjacf motfcr ortei in bolfi 
etewentary and hrgh schools to oddilKsn, such a sttfdy provides young peopie on opporfunily 
fo porficipo'a in Ihe seorch for sofutrons to one ef Connecticui'i most oeule problems. 


English, 

Reading, 

Spelling, 


Biology, 

Bo tony, 
Crolo{), 
•Vfeteoroiegy 




il and K Kira in sloiin on floosl opciicnros; csaluationi 

if fitld nipt and icpont on special (opicL 

lor iiifocrnatsoii and imiling; and lhanling guol 


Rud.ng of ncuspa|>n- accounu of Ihe flood and doing reseanh on 
local iiBiorc 

tie in mtaich of a varKi) of refeience*. 

Mii.lx of inpojijpli), riven, valteyi. niiiiinlaiiiv lain, toils, eic 

Map »orl in trhiioR to paiht of hurricanes and place of origin, sliid' 
of nind movemenia 

Map ol Canton and of Conneclicul lo ihuu flocxi damaged areas and 

Siod'iiig hisiorv of Canioct Co delecmine reason for Imilding on riitr; 
mviiiiii; a spealer on Canlon't early hiitory 

UivcuMion of need lo relocate butinett and home* liecaine of 0oc«l- 

Siudy of impaec of flood on the io«n'» economy; v itiis to. and spealen 
from, total indutiries 

Study of water (mlluiton an.1 eflecu on health. 

Study problem of tesloiing plane life in tirooli before 6»h can be 
replaced. 

Study of forcviaiion aa a meant of checling flood danger. 

Study ol lotls. loitv erosion, water and their relation to floods. 

Si^y of danger to health during a flood, need for healih tulee. Inoeu 
laitons. etc. 

Reading, winmg. and woiLing with large mimisrrt found in news- 
papei ariKiet dealing with flood vlaniage. 

riguiing amount of rainfall per tapiia which fell during the flood. 

Ccmputing nunilier of ions of watei, also eallont and nuam, which 
fell in lour eouniiet during ihe flood. 

Measuring for aceoraie ruling of chans and bulletin board arrange- 
menu. 

Lcirning lo solve prolilrait lelaied lo study of the flood through 


ning she dunes of an 
ying alioui agencies whKh gn 


mg II 


relief. ti 


• Outline prepared fc 


federal. 

Studying duties of various depanmenu in town go.ernmem. 
uiscu»ing how our losm can be tebiiMt mio a better place to Ii'c; 
Imute"* '**' "**" P'»nning in rebuilding for a beiier 

t'tawirvR chans lo show causer and elfcctv of the flood, agencies in- 
volved in relief. 

Arrai^mg picture displays of floodeil areas 
SKetdiing pitroces of flood scenes. 

Making maps of Caoion and Conneclicul 
Arranging bulletin boants. 

Making of scrapbook of the flood. 

*’1' Dorothy Covsles. Consultant 
non ft^ Advancement of Economic Education. 
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As we have indicated, considering all individuals necessarily includes the 
future specialist in science or in anything else. 

For convenience, man’s accumulated concepts and skills are usually 
grouped in major areas related to the types of problems he encounters in his 
social, personal, and physical environment. For this reason, general education 
is often approached through three major avenues: the social studies, the 
humanities, and the sciences. Although this is a convenient separation, it is 
an artificial one; for in each of us the three areas are in continual interplay. 

Robinson Crusoe may serve as an example. Initially he faced the task of 
maintaining himself in a new physical environment. Somehow he did not 
consider seriously the possibilities of suicide. Aside from the "drive” of any 
living thing to maintain its own life, this decision was based on a code of 
behavior or ethics grounded in the humanities, the internal basis for his re- 
action to the world. He svas able to delight in a spectaailar sunset and enjoy 
the brightly colored birds e\en though they did not fill his belly or keep him 
from harm. Initially his reaction to his environment was based on strong 
humanistic ideals. Vet he also had to survive and there his science allowed 
him to use the environment for his own purposes. When Friday appeared, the 
social studies, the interaction of man with man, entered the story. 

As we look at these three major areas, we ask what they can provide, 
individually or collectively, toward meeting the general objectives. How can 
science, mathematics, the social studies, the language arts, music, and art 
serve the objectives of general education? 

After this is answered, at least temporarily, we ask, what can I, the teacher, 
contribute through this course to the general development of these students? 
The answer, within the larger framevvork, gives purpose and direction to the 
specific activities of the class. 

A course or curriculum designed on this basis is part of an over-all pro- 
gram of great significance and continuity. As we shall see, this larger approach, 
necessarily student-centered, is oriented iov»’ard the development of adults 
better able to meet the complex and unforeseeable problems of the future. 

Conflict with the "classicar’ organization of each subject is inevitable. 
Especially is this the case with instruction in science, for each of the sciences 
has a formal, academic structure which has commonly been the basis of instruc- 
tion. Yet the colleges themselves have been very active in restructuring their 
course programs to provide general education. Perhaps then the classical struc- 
ture is not the only one possible. 

Itv vtw. cU.v«oom.v ot secondary schools reQrieatauon of instrucuou 

has come slowly despite the counsel of educational leaders for several decades 
and the reformulation of courses within a few schools.* For clearer evidence 

sA major cfTort to interpret general education in science within the secondary school 
was the \olume by the Progressire Education Association, Science in Ceneral Education, 
D. Appleton-Cencury. N. Y.. 1938. This was published just as World War 11 was breaVing oui 
and a strong "practical" orientation appeared In the schools. Apparently the approach recom- 
mended and described w-as too •’radical” for science teacheis under these circumstances. 
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As we have indicated, considering all indhiduals necessarily includes the 
future specialist in science or in anything else. 

For comenience, man’s accumulated concepts and skills are usually 
grouped in major areas related to the types of problems he encounters in his 
social, personal, and physical environment. For this reason, general education 
is often approached through three major avenues: the social studies, the 
humanities, and the sciences. Although this is a convenient separation, it is 
an artificial one: for in each of us the three areas are in continual interplay. 

Robinson Crusoe may sene as an example. Initially he faced the task of 
maintaining himself in a nesv physical emironment. Somehosv he did not 
consider seriously the possibilities of suicide. Aside from the "drive” of any 
living thing to maintain its own life, this decision svas based on a code of 
behavior or ethics grounded in the humanities, the internal basis for his re 
action to the svorld. He was able to delight in a spectacular sunset and enjoy 
the brightly colored birds e\en though they did not fill his belly or keep him 
from harm. Initially his reaction to his emironment was based on strong 
humanistic ideals. Yet he also had to survive and there his science allowed 
him to use the environment for his own purposes, ^\’hen Friday appeared, the 
social studies, the interaction of man with man. entered the story. 

As we look at these three major areas, we ask what they can provide, 
individually or collecthely, toward meeting the general objectives. How can 
science, mathematics, the social studies, the language arts, music, and art 
ser\'e the objectives of general education? 

After this is answered, at least temporarily, we ask, what can I, the teacher, 
contribute through this course (o the general development of these students? 
The answer, within the larger framework, gives purpose and direction to the 
specific activities of the class. 

A course or curriculum designed on this basis is pan of an over>all pro- 
gram of great significance and continuity. As we shall see, this larger approach, 
necessarily student-centered, is oriented toward the development of adults 
better able to meet the complex and unforeseeable problems of the future. 

Conflict with the "classical” organization of each subject is inevitable. 
Especially is this the case with instruction in science, for each of the sciences 
has a formal, academic structure which has commonly been the basis of instruc- 
tion. Yet the colleges themselves have been very active in restructuring their 
course programs to provide general education. Perhaps then the classical struc- 
ture is not the only one possible. 

In the science classrooms of secondary schools reorientation of instruction 
has come slowly despite the counsel of educational leaders for several decades 
and the refomiulaiion of courses within a few schools.* For clearer evidence 

»A major effort to interpret general education in sdence v^ilhip the secondary school 

the volume by the Progressive Edncauon Asrociatkati, Science «n Cencref Education, 
D. Appleton-Century. N. Y., 1938. Thu was published just as World War II was breaking out 
and a strong "praclicar orientation appeared in the schools. Apparently the approach lecom- 
mended and described was too "radical" for sdencc teachers under these drcumstances. 
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tional uppcrHlivision study must be in new “general education” courses or in 
certain regular courses designated as fulfilling ilic re{|uircnicnt for a second 
year oi gcnera\ircd suidy in each area. 

Such a pattern docs not add to (he normal number oi courses taken for 
“distribution,” but substitutes broader courses for those previously available. 
This is one indication of the vsays in which the colleges have rccogni/cd their 
responsibilities for common, or general, education as well as for speciah'ration. 

When the colleges became deeply concerned about their educational pro- 
grams for all their students, many of them reacted quickly. Much the same line 
of argument for basically altered insiniction in the secondary sdiool has been 
available for years, but little has hapjxned. In (he following chapters we shall 
examine the factors which have delayed this reorientation in science in sec- 
ondary school classes. 

Apparently, general courses arc considered important in college. Vet those 
institutions enroll only about one-sixth of the age group. A much larger frac- 
tion of all the future adults go to high school. Therefore, if general courses are 
valuable in college, vvould not similar courses, with appropriate changes in 
instructional material, be even more desirable in high scliool? .-V close look at 
the basic ideas underlying (be science curriculum in secondary school may 
suggest that the councs offeretl there— biology, physics, chemistry— are unwisely 
phased in the educational pattern. 


A continuous, mutlidroek currieutum 

l\'e hear often of the superiority of the European or the Russian plan for 
producing scliolan, scientists, and engineers. Yet in many of our school systems 
students with many and varied gifts are given opjioruinitles to learn, do, and 
become as much as they can. That these opportunities are not forced on our 
students is an inevitable concomitant of a democratic philosophy. ISut just as 
inevitable is our obligation to provide (hem, and even make them as attractive 
as possible. 

Where special provisions are not already available for those students who 
can run fastest intellectually, they must be devised. Perhaps the pattern pre- 
sented here (already in practice in one modification or another in a number 
of school systems) will be useful as an example. It is one way of making pro- 
vision for all types of students, with all types of destinations. 

The following descriptions of the tracks refer to the diagram on page 218. 

ItocV 1. All boys and girls who ate educable (vneaning l^s and girls with 
sufficient capacity to remain responsible in their social acts) go through high 
school. Track la indicates provision for the lowest l.Q. ranges (special pro- 
grams to fit these students for civic responsibility). 

This general program would include all areas now tauglit in our schools— 
English, social studies, science, mathematics, language, physical education, art. 
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of ;vhac general education in the sciences means in practice, we must turn to 
the collegiate experience 

In the 1930's at the University of Chicago, Colgate University, and the 
University of Minnesota, serious attention was given to the existing pattern of 
collegiate instruction This had consisted of a “major" field of study plus some 
other courses, often six, in other fields required for “distribution.” But the 
courses available for “distribution" in the sciences were the introductory 
courses for those who might become "majors." Especially within the highly 
structured sciences, this made liule sense. Of what value was Biology 1 or 
Chemistry 1 or Physics I— each admittedly an introduction to further work- 
to a future poet, a future legislator, a future housewife, a future industrial 
or labor leader? Each course was filled with technical details for the future 
specialist, while the large ideas which give meaning and significance to science 
ivere given little emphasis. One learned much about the results of science, but 
little about how these were attained or esublished. 


Thoughtful searching by the college faculties focused within each of the 
three general areas (social studies, humanities, and science) on certain general 
or grand concepts, which would allow the future nonspecialist to appreciate 
and comprehend what the specialists were doing. An additional advantage of 
this plan was that it ensured that every student would consider major topics 
and problems in various fields; previously many graduates of the same institu 
tion Iiad shared no experiences with their classmates, 

After World IV’ar II ended in 19^5 many colleges re-examined their pro 
grams of instruction and introduced “general courses," with completely nets 
content and new instructional procedures. In the sciences at first the “survey" 
answer. But this was soon recognired as a “once over 
V whiclt the major concepts were lost among even more 

details than the “major" course offered. 

Intensive study of selected materials offered a better opportunity to get 
0 t the Ideas without overwhelming the student with details. Such counes 
8=>P” courses: they are basically what had long 
fK- ^ literatuic as “major uniis” having a unified idea or 

of j ‘Stories were used as one of sevreral means of organizing blocks 

thP r upon the active part of science rather than only upon 

the results of this activity. 

about 'i04^ intensely creative phase of this reorganization, 

founded At " ^ joni’nal. The Journal of General Education, was 

S and d "fntber of books spelling out various points of 

Eiven at theTnd courses were published. A list of these analyses is 

Generali chapter, in case you wish to read further in this subject, 

each of the 's CApcctcd to take at least one full-year course in 

colleges the humanities, social studies, and science. In some 

eges the required sequence extend, for two years In other schools, addi- 
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in\olving all areas— astronomy, biology, chentistry, physics, geolog)’, meteor* 
olog)— through selected concepts appropriate to the junior high school boy and 
girl. The importance of not giving the special sciences here is that 12, 13, and 
14 sear olds should be gisen an opportunit) to look into all branches of science, 
each and ever) scar, to determine their interest and ability. Mathematics should 
be used throughout these sciences. 

The best tcadicrs belong in these years; for generally students tend to 
bend clearly, in the junior high school years, toward a specific career selection. 

In the ninth through the tenth grades in this track, a definite selection 
begins, in uhich both students and teachers have a hand. First, in the junior 
high school years, students have begun to find out whether science is for them. 
Second, because m the future wc may place very gootl teachers in the junior 
high schools, excellent leaching has made science extremely interesting, excit- 
ing, and enticing. Third, testing (by standard tests) has helped to identify 
those with ability and special interest. 

In the large high schools, wc now can homogeneously group students who 
have similar interests and destinations (i.e., science-bound, art-bound). In the 
small high school, small classes, even of three or five, may be necessary. 

All students in the collcgc-boimd group (Tracks 2 and 3) may take (for five 
class hours per week) 4 scars of English, 4 years of social studies, 4 years of 
science, 4 years of mathematics, and 4 years of a foreign language, based on the 
work begun in elementary and junior high school. In addition, all students 
take 4 yean of physical education and 4 years of a combined music and art 
curriculum (i.e., two or three periods per week c.sdi ol art and music). 

However, for those who have already shown a decided preference in music, 
art. science, mathematics, history, or another subject, a third track is made 
available. 

Track 3. In this track, students work at being scientists, artisu, musicians, 
mathematicians, or writers. They ukc a project (perhaps cosponsored by a uni- 
versity) in some phase of science, mathematics, the arts, or humanities. In sci- 
ence and mathematics, this is actual tesearcli on a small problem (see Chaps. 3 
and 9), 

This kind of program is already being accomplished in most schools for 
athletics, art, and music. It now needs to be done lor other areas. 


A study of the science curriculum 

In view of these sev eral trends would it be sound to begin a study of the 
science curriculum with a statement of the principles underlying curriculum 
building in science? This is precisely what we do not intend to do. First we 
shall analyze various science courses: science in the elementary school, biology, 
chemistry, physics, and last, because they are derived from die other courses, 
general science and physical science. Then we shall be concerned with the 
development of the “unit” within the course. Finally, at the end of the section. 
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2 3 



ELECTED DESTINATION 


track 1 : non-college 
Irock 2- college 

tracks ss>eciol skills, talents, 
ond opportunities (ort, 
music, science, mofhemotics, 
writing, longuoge, etc.) 


music, and so on. Science svould be generally nonmathematical in nature, 
although it uould require die simplest algebra and geometry (i e., mathematics 
of proportions] for the solutions of problems 

Track 2. This track is for boys and girls s\lio show the intellectual quali- 
ties necessary for success in college, h insoUes roughly 30 to 40 per cent of 
our student body. 

In the fifth grade and sixth grade, obsersations and testing are to be done 
to determine the special gifts of these boys and girls. At the same lime, special 
opportunities (e.g , enrichment in language, literature, science, arithmetic, 
history, art, and music) arc to be made available to them. In the fifth and sixth 
grades, these young people are not to be segregated into homogeneous groups. 

In the sesenth, eighth, and ninth grades, they are to be homogeneously 
grouped. Naturally, since the students have different career destinations (some 
in science, some in social studies, some in literature), this grouping is homo- 
geneous only for college destination based on student ability and parental 
consent. 

In the sesenth and eighth grades, an enriched program in general science 
and mattiematics might ‘be oUered. The science svoiild ‘be a 'general science 
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we shall in a sense complete this first chapter in a chapter-length ‘ Excursion 
into building and revising the science curriculum. 


A biblioeiraphicaf excursion 
info science in general educofion 


Extensive listings of articles and volumes will be found in: 

McGrath, Earl J. "A Bibliography on General Education" Edacahonal Record, 21, 
96 JIB, 1940 (to 1940). 

Lyons, \V N., "A Furilier Bibliography in General Education," Journal o/ General 
Education, 4. 72 80, 1919 (1940 to mO). 

Layton, E. N.. "General Education Bibliography." U S. Office ol Education Bulletin 
No. 3, Washington, D C • U. S Covemment Printing Office, 1953 (1949 to 1953). 

Numerous articles are also cited m: 


BlacVmer, Alan R., General Education m School and College, Cambridge: Harvard 
U. Preu, 1952. 

Bogue, J. P., The Community CoHege, N. Y ; McCraw Hill, 1950. 

Chicago University Staff, The Idea and Practice of General Education, Chicago: U. of 
Chicago Press, 1950 

Cohen, I. fi , and F. C. Watson, eds. General Educofion in 5rienre. Cambridge: Ifar- 
yard U Press, 1952. 

Current Trende in Ffiglier Education, Washington. D. C.- National Education Asso- 
ciation, annual issue. 

Eckert. Ruth, Tfie Outcomes of General Education, Minneapolis: U of Minnesota 
Press, 1937 

Harvard Committee, General Education in a Free Society, Cambridge: Ifarvard U. 
Press, 1945. 

Johnson. B Lamar, General Education in dclion, Washington, D C ' American Coun- 
cil on Education, 1952. 

McConnell, T. R., General Education, Past I of Fifty First yearbook. National Society 
tor the Study of Education, ed. by Nelson B Henry, Chicago’ U. of Chicago Press, 
1952. 

McGrath, Earl J , Science in General Education. Dubuque, Iowa: Vf. C Brown Co , 

1948. 

Minnesota Commission on Higher Education. Higher Education in Afinnetora, Minne- 
apolis. U of Minnesota Press, 1950. 

Minnesota Commission of Educational Research. The Effeclive Genera/ Co//«ge Ctir- 
ricufum as Revealed by Examinations, Minneapolis: U. of Minnesota Press. 1937. 
Pace. C. R., They IVenf to College, Minneapolis: U. of Minnesota Press, 1911. 

Pienon. G. V , "The Elective Sysiein and Difficulties of College Planning. 1870 1940 
(Yale),’’ Journal of Genera/ Education, 4. 165. 1949 50. 

Spafford, Ivol. Bui/ding a Curriculum for General Education. Minneapolis- U. of 
Minnesota Press, 1943, 

Stauffer, Robert C . ed.. Science and Civi/uslion, Madison' U. of Wisconsin Press 

1949. 

Stickler, W. H., General Education; A Vnmersitj Program in Action, Dubuque. Iowa: 
W. C. Brown Co , 1950. 

Taylor, Harold, ed , Essays I'n Teaching, N. Y.: Harper, 1950 

Valentine. P. F, ed. The American Co//ege, N. Y.* Philosophical Library, 1949. 

^ViUlams. G T . These U'e Teatfc, Minneapolis. U. of Minnesota Press, 1943, 


119 INVtNTIONS IN SCIENCS COUaSfS 



CHAPTER n 


Inventions in science courses: 

Science in the eiementary school 


A note at the beginning: E\ery student in high schoo! science classes attended 
elementar)- school. The science e.’cperiences svhich these 
students had in elementary' school \aried from school to 
school and from student to student. Yet, generally speaking, 
whate\-er experiences each had svill aHect his approach to 
the study ol sciertce in high school. The student entering 
high school is even less a "clean slate" than svhen he entered 
elementar)’ school. 

In recent years children have had more and richer ex- 
periences in science in the elementary school. In planning 
•what science to teach in the high school, sse must lecogniie 
that many children hate already studied and learned well 
certain things that presiously uere taught for the lint time 
in general science or e\en in biology, chemistry, and physics 
classes. 

^Vhat science do children study in the elementary 
schools today? This chapter uill summarize a few of the 
important trends and characteristics of science teaching in 
the elementary school, as tvell as some of the characteristics 
of children as they learn science. 

A series of >isits to elcmeTilary school classrooms by- 
high school science teachers is an excellent way to become 
familiar with the amount and kind of science teaching in 
the elementary school. Ideally, sisits should be made in the 
primary, intermediate, and upper grades, preferably in die 
state or school system where the high school science teacher 
teaches or plans to teach. 

To supplement his classroom sisits. the high school 
science teacher should examine sample science guides, 
science textbooks, and counes of study in common use in 
the elementary schools. He should also talk with children, 
teachers, principals, and supersisors to get their interpre- 
tations of svhai and how science is being taught. 
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Emphasis on science in the elementary school 

Such inquiries into the kind and amount of science taught in the ele- 
mentary school ivill show a wide range In some classrooms children have little 
forma) experience with saence. In others, their science is related to a number 
of “symbols” such as aquariums, saence comers, collections of plant or animal 
life, or care of pets. In still other classrooms, opportunities for science investi- 
gation and inquiry are sporadic. They occur from time to time when un- 
anticipated events lead to questioning and study. Further, m other classes, a 
definite unit of study or program plan is systematically followed, giving regu- 
larity and continuity to the children’s science learning This plan may be 
suggested by a textbook, by a resource guide adopted by the school system, 
or by a plan developed by the teacher and the children around a series of 
centers of interest which they have selected for study. 

Even though elementary schools generally have a commitment to teach 
science, individual schools and classes vary in the amount of time they 
devote to science. In some classrooms science is taught for 15 to SO minutes 
every day. in others for 80 to 45 minutes twice a week. Often the methods 
used by teachers determine the amount ol time spent in science. In the typical 
classroom which operates largely under the guidance of one teacher, children 
may have opportunities to work individually or in small groups on science 
investigations. There the time "devoted to science” cannot be measured 
strictly in terms of the amount of time the enure class engages in a common 
science activity. 

Regardless of the current status of science leaching in any elementary 
school, almost without exception all persons concerned with improving the 
elementary school program— principals, supervisors, teachers, students— are 
looking for ways of ensuring that cluidren have a rich experience in science. 

In keeping with this emphasis, nearly every state department of education 
has issued one or more bulletins on the teaching of elementary science. Many 
counties and cities have likewise developed suggested courses of study in 
elementary science.' 


Purposes of the science program in the elementary school 

Those who plan the educational experiences of children intend that school 
should prepare children in certain skills and knowledge required for success- 
ful living. Among these skills are learning to read, WTice, handle numbers, 
and speak correctly. In addition children learn to plan, to think critically, to 
evaluate their progress. As group memben they have certain common inter- 
ests and needs, and require experience in working together toward common 
ends. 

I Science Courses ol Slud\. National Science Teachers Aisoctation. 1201 16th Street N VV.. 
Washington 6, D C . 16 pp. 1955 
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Children learn these skills as thej' gain in knowledge in many areas: 
geography of their home, community, state, nation, and world; history of their 
city, state, nation, and world; care of the body and maintenance of health; 
and appreciation of literature, art, and music. And certainly not least of all, 
they acquire intellectual skills as they study the natural world around them, 
that is, as they study science. 

At the same time they need to attain increasing knowledge of the complex 
world with people of differing opinions and aspirations; a world in which 
technology differs from country lo country from the most primitive to the 
most advanced: a world made smaller because of advances in communication 
and transportation: a world more complex because more people are brought 
oftener into contact. 

Thus the elementary schools have a great task. And in good elementary 
schools teachers, administrators, supervisors, parents, pupils, and others think 
together about these various respomibilities. 

It is within this framework that the reasons for teaching science in the 
elementary school must be considered. 


General education in science 

In a sense the purposes for teaching science in the elementary school are 
the same as those for teaching science in the high school. Yet the way ele- 
mentary school teachen think about these purposes is tempered by their 
knowledge of children and how children learn. A statement of the purposes 
made by a group of elementary teachers is usually quite a simple list. One 
group stated these purposes this way: 

To satisfy the curiosity of children. 

To help children answer their questions. 

To help children find out how things work in our natural world. 

To learn which things should be believed and which are superstitions. 

To help children learn liow to get accurate information and to think 
clearly in solving their problems. 

To help children with their interests and hobbies. 

What more challenging purposes could one seek? Though these may 
seem unsophisticated, even a casual analysis of the statements reveals that in 
them is implied the most sophisticated interpretation of why we leach science. 
(More refined siaiemenis of our purposes for teaching elementary science are 
availahlt the wwswerous books on tbe veaebiivg o£ vciewte in the elementary 
school, and throughout state, city, and county guides on elementary science.) 

To say, for example, that our purpose is "to satisfy the curiosity of chil- 
dren" or “to help children answer their questions” or "to find out how things 
in our world work" recognues that children are investigators, that they seek 
to form concepts. They ask questions. Among tlte questions are many that 
relate to interpreting the natural world. Why is it dark when the sun goes 
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down? What color are cro^\s‘ e>es* How does a dry cell work? How does a 
bee make honey? Children probe into esery aspect of their ensironment ir» a 
continuous attempt to describe and understand the relationships between 
things around them, gaming considerable knowledge and skill. 

They use all their senses Thev touch, they taste, they listen. They smell 
things, they feel iheni. In esery was known to them children seek to discover 
(or ihemselses knowledge of the world which, in most instances, has been 
learned by other children, and by mankind, before them. From birth they 
have been seeking and forming concepts. 

In the elementary school direction and guidance arc given to children in 
their search lor knowledge about ihe world around them. And m this process 
children are helped to think clearly, to employ various means for acquiring 
information and. with increasing maturity, to learn how to answer questions 
and solve problems of importance to them. 

To know "which things should be believed and which are superstitions" 
requires first a knowledge of the interrelationships between forces and events 
in the natural world. Children in ihe elementary school are helped to observe 
the consequences of various common things which are brought into relation- 
ship with each other. For example, a pan of vvater placed over a gas fire will 
get hot. If the fire is intense enough, the vvater will boil A pan of water on a 
fireless burner usually does not boil. Only out of ignorance would someone 
insist otherwise. These are statements of generalizations derived from re- 
peated observations and retested many limes by many people. In the elemen- 
tary school children observe through many experiences that certain natural 
phenomena do occur and can be predicted with considerable accuracy. It Is 
hoped that, in this way, children will develop the habit of examining many 
generalizations which can be easily tested, and that they will require similar 
tests of generalizations which have acquired the label of “superstitions.” 

Helping children learn how to think clearly, how to answer questions, 
how to seek concepts as they solve problems, is a purpose in all subject areas 
of the elementary school. Yet in Kience teaching there arc unique opporiuni 
lies. The opportunities are implicit in the methods of inquiry which children 
are encouraged to use in stating their problems clearly, formulating possible 
inswers, utilizing a variety of materials and sources to get relevant informa 
tion. arriving at answers, and checking their answers in many different ways. 
Good science teachers in the elementary school realize that children gain 
skills in thinking, and in acquiring a sense of the processes of scientific in- 
quiry, through opportunities to make real investigations. These are basically 
the same major objectives of science as in the secondary school. The pattern is 
consistent. 


Preparing fulvre scienh's/s 

A purpose of teaching science in the elementary school is to help stu- 
dents gain knowledge that is important to them as children and later as adults. 
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In this sense science in the elementary school is a part of the general educa- 
tion of all penons. 

But teachers are aware that children with science interests may choose 
scientific vocational pursuits. Among the children in the elementary school 
are some whose dominating interest in science is esident from the first day of 
school. In others, interest in science develops later, after they have had formal 
experience with science. Good teachers know that these interests, whatever 
their origin, must be nurtured and kept alive throughout the elementary 
school years. From children with interest in science will come our scientists, 
engineers, and mathematicians. 

Though the vocational aspects of science are usually minor considera- 
tions in the elementary school, sensitive teachers are constantly aware that 
providing children with interesting science experiences will keep open the 
possibilities of an eventual career choice in science. 


Types of science programs in the elementary school 
T/ie confenf of science 

The content of science in the elementary schools has a great similarity 
from state to state and from school to school. This is true, in part, because 
the source of this content is the natural environment. To children, just as to 
adults and scientists, this consists of the earth and sky; heat, light, sound, 
electricity, and other forms of energy; water, air, and rocks; plants, animals, 
the human body, and other living things; airplanes, rockets, and atoms. It is 
these things that children study, searching in an introductory way for stable 
patterns as the basis for predictions. 

Althcmgh there is a great similarity in the conient of science, there is 
less uniformity as to the way the study is approached, the organization, or 
the total amount of science in the school program. An examination of sev- 
eral different guides and courses of study will indicate how the content of 
science is sometimes organized in the elementary school. Four somewhat dif- 
ferent types of content organization will serve as examples. 

Type 1. The same topics for all grades, but different and increasingly 
difficult aspects of the topics studied from grade to grade (one-year cycle). An 
example of this type of organization is found in the North Carolina publica- 
tion, Science for the Elementary School, from which the outline for Grades 
J, 2, and 3 is shown in Table 11-1. 

Type 2. The same topics for piiniaTy, interTOediaie, and upper grades, 
with different and more difficult aspects of the topics designated for the higher 
grades (two- or three-year cycle). An example of this type of suggested science 
content organization is found in Science Education for the Elementary Schools 
of Ohio. 


SOtNCE IN TH£ ElEMENTARY SCHOOL J2S 



TABIE H-l Cenfenf orgonfznf/on, fypc 1 * 


First vtar 


Animali 

Family life 
Prolection 

and care, food and sani- 


Animals eai 

:P“‘ 

Pleitn 

Seeds start 
UTiat pUni 
Things (ha 

IS need in order to live 

llVefher 

Observing : 
Changing ( 

leasonal changes about us. 
)ur play 

id> for uealher changes. 

Elmriol), 

eh/uig<, t»rie 

Mating things go by leiers 

Water. 

Wind 


ll»mn All animals nted a ufe home 
Animal homes. 

Birilj' homes 
Mans home. 

Exeerpts Iioni SofMt for tU« Eieminlan Sthoal, Publica- 
tion So 29}. $iate Supenmendrni of Public tnitrucilon, 
Raleigh, Noiih Carolina, pp. $0 $}. 


Six broad areas are proposed in this bulletin: 

1. Living things 

2 Weather 

3. How machines help us 

4. The story of the earth 

5. Magnets and electricity 

6. Health and nutrition 

First are stated certain bask undersUndiiigs imohed in the study of 
each of these areas. Then follow specific understandings that could be devel- 
oped at each school level— primary, intermediate, and upper. In addition, the 
bulletin identifies basic questions for study svhich relate to the understandings. 

The organization of one area of study, the weather, is summarized in 
Table 11-2 to illustrate this type of science content organization 

Type 3. Topics for alternate grades tlic same (two-year cycle). In this 
arrangement the content topics suggested for grades 1, 8, and 5 are the same, 
and those for grades 2, 4, and 6 are the same. This organization is a way of 
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Second vz.vr 

Third ye.vr 

Animals change in seasons, 

Animals diRer in food, homes, habits, 
appearance 

Animals resemble their parents 

Water animals in our ponds. 

Insects in our homes and gardens. 

Types of animals that live on land 
and in water. 

Some insects in our locality. 

The life cycle of some insects and 
animals. 

Plants that Ine m winter, others that do not. 

Our garden plants— fall, winter, 
spring, summer. 

People need plants and animals 

Plants in winter. 

Changes in plants; life span. 

Seeds and how they are scattered. 

Recording the signs of changes In the 
seasons 

Preparing for seasons. 

Uses of thermometers. 

Some effects of seasonal changes in 
plants, animals and man 

Making things work by eleetrinty. 
steam, horses, iracton, air. 

Ways riectticity helps us work and 
play. 

Lightning Is electricity. 

Elearicity aids the human eye. 

How some animals live tn the winter 
season. 

Types o{ animal homes m water, 
land, trees, ground. 

Care and protection of domestic 
animals. 


providing time for sizable units and avoiding repetition of topics to the bore- 
dom of children. The topics in this kind of organization may be much like 
those proposed in the North Carolina outline (Table 11-1), except that certain 
of the topics would be recommended for given grades and the remaining 
topics recommended for the alternate grades. 

Type 4. Science content based on social studies units. In some schools 
the science content is based in large measure on the learnings that contribute 
to the understanding of social studies problems or topics or units. In schools 
vvhere this approach is made, units that are rich in science possibilities are 
usually included. And it is usually recommended that units which are for the 
most part science centered be chosen for study from time to time. 

This approach has been recommended in the Stale of Penns)lvania. The 
Elementary Course of Study suggests that science understandings and attitudes 
be developed in connection with the stud) of social living (see Table 11-S). 

A teacher familiar with the wealth of possibilities in the study of the 
environment suggested by the social living topics and questions in Table 11-3 
could have a very ricli science program in each grade. In order to help all 
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TABLE M-2 Confent organization, type 2 



The sun is the chief source of energy for the 

The earth and its life are greatly affected by 
the changes in the atmosphere nhich sur 
rounds the earth 

Matter may be found in various forms 
Man has learned to iitili/e natural fortes 
Man has invented instruments to measure 
iseather conditions and 10 male it possible 
10 forecast weather 




How doe* (he sun help us? 

What does (he wind do? 

Where doe* ram come from? 

How does water get into clouds? 

Wba( causes water to fall from clouds’ 

When do we see a rainbow? 

What IS (now? 

What causes ice to form? 

How do icicles form? 

How can we male a record of the weather? 

1 The sun gisci us heat This heat keeps 
us warm, melts the snow and Ice. and 
makes our plants grow. 

2 Thermometer* are used to measure icm- 
peraiure. 

). The wind bends trees, blows paper and 
dual, carries seeds, and flies kiies. The 
wind blows from dillerent directions A 
wind sane points to the direction of the 
wind. Wind IS air that Is moving. 

4 Rain I* water that falls from the clouds 

5 Water disappears into the air and forma 

d. A cfoud IS made up of many floating 
drops of water 

7. Ram falls from the clouds when they 
are cooled. 

8 A rainbow is made by sunlight paising 
through tmy drops of water in the air. 

0 Snow It made up of flakes called crystals 
No two snow crystals are exactly alike 

10 Snow, ice, icicle*, and frost are formed 
when the temperatures are low. 


re flducaliim for l/ie Elementary Schools of Ohio, Curriculum Bulletin No. 3, State 
timent of Education, Columbus, Ohio, 1916 Excerpts only are given here. 


teachers see the numerous possibilities, the Pennsylvania course of study 
includes a very thorough outline of science Understandings that may be re- 
lated to the various social living units. 

There are numerous other variations in the way science content can be 
organized for teaching in the elementary school, tfowever. the four examples 
given will serve to illustrate various possibilities If the purposes for teaching 
science are clear to the teachers in a school, tliey can undoubtedly be achieved 
in different ways. 
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Where is air found? 

^VhaI causes innds to blow? 

How does the thermometer measure I 
perature’ 

What causes clouds’ 

What causes rain’ 


A\’hat causes sleet and hail’ 

^\■hat causes dew and frost? 

\Vhat causes thunder and lightning’ 

How do Imng things adjust themselves lo 
weather conditions’ 

1 Air has weight and exerts pressure. 

2 Cold air is heavier than warm air. 

3 Winds are caused by unequal healing 
of the atmosphere 

4. Big winds which move across the country 
ciuse weather changes. 

5. Air contaias moisture in the form of 
water vapor. Warm air an hold more 
moisture than cold air 

6. \Mien water vapor is cooled sufficienilv 
in the atmosphere, It condenses and falls 
as rain or snow. 

7. Four dilTerent kinds of clouds may be 
•een In the ikv. They are ailed cirrus, 
cumulus, nimbus, and stratus. 

8. Fog, dew. and frost are formed when 
water vapor condenses. 

9 Sleet and hail are frozen rain. 

10. Lightning is a huge spark of frictional 
ele«riat). 

n. Thunder is aused by air rushing back 
together after lightning has passed 
through the aii. 


How do we measure the temperature? 

How do we measure air pressure? 

How can we measure the amount of water 
sapor or moisture in the air? 

Hove an we determine the direction the 
wind is blowing’ 

How an we measure the speed or velodtv 
of the wind’ ' 

How can we measure the amount of rain- 
falP 

H^ an we use the weather instruments 
in a classroom weather bureau? 

How an we have a healthful climate in our 
classroom’ 

TXhat are some of the auses of the wather 
myths, sayings, and folklore? 

I. Weather is the result of a qde of ause 
and effect. 

2 Climate is the general average of weather 
over a large area. 

3. The weather u foreast after a areful 
Mudy is made of facts collected by many 
different weather instruments. 

4 Weather has a definite relationship to man 
and bis environment. 

5 Weather lore consisu of statements, not 
based upon sdeniific fact, which hate been 
passed from one generation to another 
and used as means of predicting weather. 
Many of the ideas in weather sayings are 
false. A few of them are true. 


Melhods commonly used in leaching science lo children 

The children «ho have experienced rich opporiunhio to study science 
ha.e engaged in a satiety of tsytys of learning. In laci, the richness ot their 
proems seas related in pan to the .ariet,: satiety „£ questions dealt .rith 
sanety ol material, and resources used to gain iniortnation, satiety of ,ya,; 
of applying knot. ledge gained. Methods mere selected insofar as possible lo 
meet the needs ot indiyidual children. This means that a particular question 
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TABU JJ-3 Content erganhaf ion, type 4* 


Grade t. Oui homfs ani3 hou he in them 

How we go to and (rom xhool and hhai t>e *ee on the way 
How we enJo^ our pets 
Our school and how we U»e tn it 
Hohda\-s and speaal dais 
Cro* 2. Getting acquainted with out community 
WorVers in out commimiiT 
How OUT (arm neighbon help oiheis 
Holidais and speaat dais 
Grade 3. The e»er)dai things about us 

Where the people in oui eommunits woiL and what lhe> do 
How people learn what other people are doing and Ihinliing 
How man uses water and how it aHects him 
The Indians who h\ed beic lieiore us 
Holida)! and spenal dais 

Grade 1. How people liie and worl in our emini) 

How people Ihe and work in oui state 
How plants and animals help or harm each other 
How people li'e and work in other lands 
Neighbors in space 

Grade $. How trade and tratel lead to diicoverr and eaploialion 

hy the northeastern part ot our counirs is called 'The Changing Northeast” 
Hew man learns about his ensironment 

Whs people settled in the South and bow fuodeen machines built a "New South” 
Wh) people cao>ed into the agnculiural inieiior and how the) deieloped It 
llhy the western states have grown so rapidiv 
Parts of our nation that may someday become uaies 
Our coniinon interests with Canada 
Holidays and special days 
Grade t. Composiuon o( substances 

Our nearest neighbon to the South 

How weather changes and bow we predict weather 

How (he naticns ot South Smerica have developed 

Transponation and communKalion in the Ameriai 

The growth of American mslilulions 

Holidays and special davs 

* The Etementarf Course o/ Siudy, Bullelin 233 B. Depanment ol Public Instruction, Haiiii 
burg, Pennsylvania, 1951 


or problem or topic was approached by children in different ways, some 
studying one aspect and some another. 

In such programs children did not follow a lock step approach in which 
everyone necessarily studied the same details at the same lime in the same 

In order that the learning experiences had maximum value (so that 
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"x'ariety of acti\ity" did not mean disoi^nized and aimless activity), much 
planning by teachers and children look place: \\'hat are the things sve svant 
to Lnosv? WTiat shall we find out first? \\’ho does and who does not already 
know about this? WTio needs to do further imestigation on this question^ 
Hosv can sve get the information we need? 'Will see use books? Field trips? 
Films? Experiment svith materials? Talk to people ssho already knose? kVTiich 
things will sve all do together? WTtich individually? WTien will we do them? A 
trip? Mlio will help plan it' An experiment? WTiat materials s\ill see need? 
W'here can sse get them? What hase we learned? Have see arris ed at some ness- 
understandings? Hosv can ss-e make use of this information? MTiat do we 
need to study further? 

Yes, in a rich science program children had opportunities of the kind sug- 
gested by the dorens of questions abose. In such programs the teachers hase 
been sery resourceful— but not so resourceful that they did all the planning, 
obtained all the equipment and materials, did all the reading, and told the 
children all the answers! On the contrary, they kept in mind that the methods 
used must gise support to the major purposes of helping children leam how 
to learn, think critically, and develop an awareness of how knowledge is ob- 
tained by getting it through many and saried experiences. 

Thus children in good science programs hase learned through exploring 
and insestigating with all their senses, using all kinds of available learning 
resources. And in all this they normally hase acquired a great amount of 
knossledge. But it would be a mistake to think that all of them acquired 
the same knosviedge- ^fost elementary science programs svere aimed not at 
hating all children acquire the same know ledge, but at having all children 
inaease and mature in their knosvledge. Some svill have gained a tremendous 
amount; others s\'ill hase gained much; still others svill base gained little. 

To be realistic, the existence of a state or local science curriculum is no 
guatantee of svhat actually occurred in the classroom, ^fany elementary 
teachers are insecure in science; they need quite a fesv types of help and 
encouragement from able consultants. In many schools the methods used ssere 
less stimulating and the science pr<^;tams limited. Perhaps "reading about 
science” ss-ith an occasional demonsitaiion svas the typical pattern. Perhaps 
children did not hase an opportunity "to try things out for theniselses" as 
often as necessary, either to maintain interest or to gain understanding. Per- 
haps "science time” ss-as the period when a few selected children performed 
lor the othen, without much opportunity for those "others” to participate. 
Perhaps science was something children sserc permitted to read about after 
they had completed their other lessons. But for some, it svas hard to complete 
these other lessons; so there svas no science, except for the quick students. 

Regardless of the particular kinds of experiences sshich pupils now in 
high school science classes had in elementary school, and the present status 
of methods used in teaching elementary science, there is no doubt that year 
by year she progiams arc impioxing. Eserywhere elementary teachers are 
anxious and striving to improse their knowledge of science and skill in teach- 
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mg it. Ideally, it is hoped that most high school science teachen can assume 
with confidence that the children they leach hate been taught in elementary 
science "in the ways of the scientist." 

In regard to methods iisctl, the challenge to science teachers in the junior 
high school and the high school is at least twofold. First, they dare not let 
down those pupils who ha\c already come to know science as an opportunity 
to inscsiigate and inquire in a sanety of ways. They dare not take a chance 
on approaching the study of science, for esiample, from just reading and 
talking about it. This would certainly be dull, boring, and disillusioning to 
young people who had sprouteil wings in the methods of science. 

The second challenge is to gise pupils who liase not had rich experiences 
in the methods of scientific imestigation opportunities to study science in 
svays that will spark, their imagination and enthusiasm. It is the purpose of 
this book, of course, to present in many contexts suggestions svliich will 
enable high school science teachers to meet both of these challenges. 


Some c/iorocfemfies of children and how they learn 

In rich science programs in the elementary school, children used a variety 
of methods and materials, as desaibctl in the foregoing section. There is per* 
haps no virtue in variety (or variety’s sake. But the necessity o! variety of 
approach, of materials, and of methods seems to follow from our knowledge 
of the varied interests and abilities of children and how they learn. By a 
"good” science program we mean one in vvhich these variations are taken 
into account. 

Children are Investigators. Cliildrcn ask questions, they feel objects, they 
touch and smell things. This trait of curiosity is in itself a sufficient basis to 
justify a good science program in the element.ir)' school. Anti though there 
are many common elements among children's questions about their environ- 
ment. there is also diversity. Thus, in order to nurture interest and help chil- 
dren know about things that arc of immediate concern to them, some schemes 
must be worked out to take into account the variety of interests among 
children. 

Children learn through activity. The application of iliis principle in 
science teaching requires careful thought about wliai it is children arc sup- 
posed to learn. Are they to learn to think carefully? Observe carefully? Flan 
procedures? Develop skill in using and caring lor scales, microscopes, tele- 
scopes, rulers? Read for relevant information? It Is usually intended that chil- 
dren learn these things. If so, it is these things which children need experience 
in doing. Thinking, reading, experimenting, etc., are doing. 

The ability to wire a simple series circuit is not learned by most cliildren 
without doing it many times. And wiring dry cells, burzers, and switches in 
series helps most children understand the nature of a circuit better than 
simply reading about it or having it shown or described to them. 
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Children do different things as they learn. Some children may understand 
a simple circuit after reading about it without wiring up a circuit. Some 
may understand a point perfe«l) after hearing it explained: some need to 
see pictures; some need to read about it and lalV. about it; many need to do 
it. Thus the only safe procedure in worling with groups of children is to gise 
them opportunities to approach the learning through a sarieiy of actitities. 
All children may not need to do all things. Judicious guidance by the teacher, 
plus ample planning scith the children, is the Ley to the organiration of learn- 
ing situations where children do uhai they need to do to learn best. 

Planning has just been mentioned. Aside from the fact that we want 
children to mature in their ability to plan courses of action for themselves, 
toward appropriate ends, it Is generally betiesed by elementary teachers that 
children learn best when they tindersland the purposes for which learning 
acfn'Jtiei are being carried on. One way to get this understanding of purpose is 
to insohe children in discussing the purposes and in planning ways of achics- 
ing them. In this s\ay children are used as valuable resources; imariably good 
skays for their learning come out of the suggestions oflered. 

Good teachers are aware that successful science teaching depends on, 
and is promoted by, taVing into account these characteristics of children and 
how they learn. 


High school leochers' role In improving elemenlory science leochlng 

Every high school teacher is in a position to contribute either directly or 
indirectly to the improvement of science leaching in the elementary school. 
Four va)i v^iU be mentioned briefly. 

Influence en prospective teachers. One oT the most common reasons given 
by cleroeniary school teachers for not teaching Kience is that they disliked 
tlie science Uiey had in high school and v\cre not interested in uUng any more 
of it in college unless rerjuited- When they did late science courses in college, 
the exjxriencc often intensified their dislike of it. As a result they fretjucnily 
have skimpy knos>ledgc of science and a fear of aiiempcing to teach it. Of 
course, this is an oversimplified rvpianation, but ncscrthcless there seems to 
be some truth in the rematlj o( tcacivcts chat dieir early expetientrs -Hiih 
science in high kIiooI influenced their nuilook on teaciiing science. What arc 
your obligations to children uho may liecome clemcnury school teachers? 

Big brothers and sisters hove little brothers ond sisters. \Vben high 
school students s> ho arc taking scicnccareenthusiasiic about it. tfic enthusiasm 
spills over at borne. Oltcn ibeie ate younger brotbm and sisters sthove 
interest is sparked by learning about what is going on in the science classes 
in high school. More than one eleineniary kJiooI youngster lus carried thii 
interest back to hit classroom. From this imercsi his entire class may get 
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launched on a series ot in%estigations. Does ihis suggest wajs in which your 
classes might be taught? 

Helping elementary teachers with their science teaching problems. A1 
most every junior high school or high school science teacher has opportunities 
to help elementary teachers and children with their science problems. Some- 
times it may be tbrougJi helping classify a flower, a rock, or a shell- It may be 
helping make out an order list ol materials to be purchased from a science 
supply house. It may be in going to the classroom and helping the children 
get launched on a science unit, or in answering questions for them, or in 
doing a demonstration which the children might repeat for themsehes later. 

Occasionally, upon request, the high school science teacher can arrange 
for his pupils to work with children periodically on science problems. Often 
the pupils (not too long out of elementary school themselves) can sense the 
kind of help that is most useful. In spite of this possibility, when older pupils 
help younger ones, it is usually wise for the teachers imohed to be in on the 
planning and direction of the activities. 

IVTien tlie high school science teacher agrees to help a group of elementary 
school children, he must do it in the framework of the purposes of the group 
he is helping. Teaching the content and more exacting methods which high 
school pupils are expected to learn cannot be the program for elementary 
school children. But by keeping in mind what the science program of the 
elementary school is, the high school science teacher can be both a stimulation 
and a good resource for elementary teachers. 

Serving as censultanlt In elementary school tnservice programs and 
workshops. The high school science teacher is often asked to sene as a con- 
sultant at science workshops for elementary teachers, or as a committee mem- 
ber of a group planning a curriculum pre^am for a city or county. When 
such an occasion arises a science teacher who understands the elementary 
school and how children learn science is in a good position to be helpful. 

The development of science cuniculums in most elementary schools is 
usually a part of an inservice program for teachers. Thus the development of 
the program for children is at the same time an opportunity for elementary 
teachers to become better prepared to teach science skillfully. 'When the high 
school science teacher is called upon to help, he can be most useful by begin- 
ning with the problems and questions of the teachers, and working with them 
in ways that stimulate growth in them and give them confidence. 

Usually this means helping teadiers plan experiences whereby they can 
discover knowledge for themselves (opportunitin to experiment, to read, to 
take trips and the like) rather than the direct memorization of scientific facts 
from lectures and books. At least, as with diildrcn, discussion and books 
should be tied into the learning process along with other relevant sources of 
information. In short, teachers need opportunities to investigate for a pur- 
pose in the same ways they expect their children to investigate. 

The science teacher serving as a consultant to elementary teachers Is not 
most effective when his chief concern is “to prepare children for high school 
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science.” Rather he is most useful when he helps elementary- teachers con- 
sider reflecthely sshat is best for the children concerned and when he helps 
them make science exciting and stimulating for those children. He is then, 
as a matter of fact, helping the children prepare for more mature interests in 
and study of science. 


An excursion 

info eletnentary science 

Il.T. At your earliest opportunity visit several elementary science classrooms. 

If the elementary school feeds your junior or senior high school, s*hy not offer 

your help? The elementary school science teachers may return this help by 

identifying the "science prone” for you. 
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CHAPTER 12 


Inventions in science courses: 

The course in biology 


A note et the begitining: Biologv courses arc generally gi»cn in the tenth grade, 
[ollouing general science. TTie entering boy or girl has 
alieads studied considerable biological science; he has 
had it in elementary science and in general science. Vet 
here is his first experience vith a useful body of inforroa- 
lion viih Its os*n patticular flavor. 

Sooner or later a teacher, say. a teacher of biology, 
begins to wonder about the course he is to teadi or has been 
leaching for years. I’eihaps a new course of study, a new 
syllabus comes to his attention or a new textbook arrises. 
Perhaps he is on a curriculum commiiiec to stork sviih 
others; perhaps he is a free agent and can build his osen 
course if he stishes. To svhat is he to turn for suggestions? 

The teacher is rsot alone. Others have storked before 
hica, and he can build on sthat has been done, on material, 
for ocample, tn this chapter and the readings it suggests. 

This chapter, and the next three chapters are similar 
in structure; they arc organired as follows: ' 

Development of the course in biology 

Patterns of present courses in biology 

Frames for developing a course in biologv 

Spedal coruideraiions in teaching biology 

An cxcunion into developing one’s ovtn course In biology. 

Developmertl of the course In biology* 

The fint secondary school botany and loology courses, from vthich biol- 
ogy has evolved, ttere paiiemed after college courses. fTo develop the exact 

> Substitute "chemistry” or “pbtsia" or "t^cuLicI ttience" for "biolo^v” in each of these 
headimn lor the subsequent three cbapiciv Chapter 16. The Course in rhvslol Sdence, does 
not follow this pattern, the course a too recent to examine in the same war or at such lerigih. 

t This settioD dra»s from S. Rosen. "Tlic Deeline and Fill of Hi|h Schoot Phssaolocr." 

School end Sociefy, SJ, 303, 1957, and "a Ktstoiy of Science Teaching to the American Public 

11^ School. 182O-19C0." unpublished PbJ). Ibrsis. Ilarvaid L', Cambridge. 1955 
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line of course changes is not necessary, for the college courses in botany and 
roology a century ago were rather different from courses of the same names 
now.) A secondary s^ool course in "natural history*' was introduced around 
1818 in the Wesleyan Academy in Wilbraham, Mass. A similar course ap- 
peared in the New York City curriculum around 1825. Tlie first physiology 
courses seem to hase appeared in schools shortly after 1825. Natural history, 
although somewhat haphazard in iu choice of materials (which depended upon 
the interests of the individual teacher), ncsertheless, was minutely deuiled, 
stressing taxonomy, anatomy, and later, comparative anatomy, with emphasis 
on nomenclature. Separate botany and zoology courses were the common 
pattern, with physiology a later addition. After 1830. of the three courses, 
botany and zoology seem to have been offered by about half the secondary 
schools, while physiology was available in more than three-fourths.* 

The flavor of these early courses can be sensed from the books available. 
In 1875 Edward S. Ntorsc vvrote in the preface to hit Tint Book af 7.oolo^, 
**. . . the pupil is expected to study with the book in one hand and the speci- 
mens in the other." * The appeal was for systematic classification through 
careful attention to static attributes of the material. Few concepts were in- 
volved. for biology still lacked many of the major toncepfi available today. 

The characteristics of Uiese courses at the turn of the century' are indi- 
cated by the recommendations of the Committee of Ten in 1891 for a year's 
study in high school of botany or zoology. Botany was preferred beouse 
appropriate materials were readily avaibble in the local environment The 
course vvas to be concerned w-itb "minute anatomy and classificQiion" through 
direct observation.* The approach to zoology is indicated by this realistic 
statement'. • 

Success in teaching (roologv) is sometimes jeopardized l>y the early presentation of 
disagreeable features of the subiect nuiter uught It is desirable to postpone the 
ronstderaiion of these, if it can be done without es»ential loss, until the interest of 
the student has been so secured as to induce him to face (he disagreeable for the 
talc of probable, (hough diitani. adsaniages. Mence esrrything like disiection 
should be postponed until die eager euriosiiy of the Itto overcomes a possible 
(imidiiy incident to anatomical insestigaiioiu 

At the dawn of the 1900‘t we find then the structure: separate botany 
and ecology iirongly dominated in subject tnaltcr by I.innaean minded natu- 
ralist* and in pedagogy by faculty psythologisis. Both dominating influences 
were to be mvlcly slvaken, she formes by l*avteur. nancin. Mendel. Bateson, 
and Huxley, the latter by experimental psychologists like C. S. Hall, Thorn- 
dike. lliurston, and even Freud. 


unlit t9IO sl'.houeh Ihesr courws bad tvnt crftrrrd for Orrxin 

• Cdwartl S- Vlonc. Zinr ^o«»4 ef Krnmna (kr^. S. V„ l»t5, p. Li. 

* Krfvri ^ ikt Com9\,iUt Tru ifra-tStry SthptJ S:*ditt. .XnKrScao S'. V, 
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Huxley had aheady introduced a course called biology in the 1830s: 
soon thereafter one of his students founded a similar course in Johns Hopkins 
Unitersity. In 1003 a New York course of study in high school biology ap- 
peared Such first biology courses were incsitably a compound of physiology, 
roology. and botany. Later maieriaU were added, for one reason or another, 
from die fields of anthropology (esolution). geology (mainly liistorical). and 
psychology (mainly habits of study) 

Then as now, syllabus committees were not as free as one might stip- 
pose, they were expected to gi\c attenuon to the botany, toology. and physiol- 
ogy of the past and to the genetics, anthropology, csoliUion, and psychology 
of the present. And the chemistry of Using things (biochemistry) was beginning 
to desene attention. By 1910 the process of fusion was widely accepted. 

In 1913 the College Entrance Examination Board first olTercd an exami- 
nation in biology; the syllabus for preparatory courses was, howeser, half a 
year of botany and half a year of toology Not until 1936 did this Board offer 
an examination in unified biology. Evidently tlic schools were ahead of the 
colleges and their Entrance Board in designing effective high school courses. 

In 1920 the Commission on ihe Reorganitation of Science in the Secondary 
Schools suggested’ that biology be offered in the ninth grade in schools or- 
ganized on the 6-3 3 plan and in the tenth grade in schools organized on the 
8 4 plan. Soon biology was generally offered in the tenth grade as it cus- 
tomarily Is today. Botany and zoology courses are, for all practical purposes, 
not significant in the present secondary school curriculum. Physiology courses 
still have an appreciable enrollment, but generally they are now offered as an 
advanced biology coune for students interested in nursing or home economics. 

The biology course today, if we are to take the judgment of the Forty- 
Sixth Yearbook Committee,* indicates that ''the trend has been toward focus- 
ing attention less on the organiration of subject matter and more on the 
results in the lives of the learners.” Materials significant to the child have 
been substituted for traditional material which had little relationship to the 
world in which the youngster Jived 

Part of the reason for the rapid shift of the course in biology from the 
traditional base in zoology and botany lias been the elimination of the double 
laboratory period, once an essential component of courses in botany and 
zoology. Indeed, the biology course is currently noted lor the lluidity ol Us 
laboratory period. On the other hand, courses like chemistry and physics, 
with a fixed laboratory period, tend to retain a traditional body of material 
because they retain traditional equipment and a fairly continuous structure. 

More important probably was the fact that biology was given in the tenth 
grade to a body of students with vastly divergent gifts and potentialities. 
Hence there was need for a course to serve a latgc undifferentiated group. 

r Kcorgamaition of Soenct in Seamdary Schools, 11. S Olficc of Education Bullelm No. 
20. Washmuion, V C., 1920 

• National Society for the Slody of Education. Fortf-Sixth Yearbook, Part 1. Science 
Education in .Imcncan Schools, U. of Chicago rres, Chicago. 1917, p. 181.. 
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In any event, biology has de\eloped not in the tradition of a course for a 
selected group— selected by whateser desdce one chooses— but as a course iden- 
tified with general education. It looked first, in short, to the development of 
human beings, and secondly, to the des'elopment of specialists; first it dealt 
with life, then with college entrance. The primary criterion for assessing a 
course for all pupils is simply: Will the course result in more intelligent 
behavior? 

In 1931 the Thirty-FtTSl Yearbook* had stressed not only that courses 
should be organized around the principles of science (not separate details of 
subject matter), hut also that these principles should relate to everyday living. 
Cole in a textbook on the teaching of biology stressed the need to make 
biology meaningful in the lives of students; "knowledges, skills, experiences, 
and concepts in life situations" wrc at the core of biology teaching. 

Put more specifically, biology leaching in the early 1900's provided 
specialized training far in excess of the needs of the children of the com- 
munity. This type of teaching dealt with a content ("roinute anatomy and 
classification") svhich was often so unrelated to problems of living that it 
became useless, boring, and impossible to remember. It seems didiaiU to justify 
requiring the majority of our students to learn the complete life histories 
of Paramecium (hetcromixis, for instance). Tihizopus, and Spirogyra, and the 
alternation of generations in the mosses and ferns, and to memorize the 
extensive scientific vocabulary tntolved in the classification of plants and ani- 
mals, when the urgent and immediate problems of personal and community 
living-nutrition, disease, social behavior, racism, and biological production 
—begged for attention. However, that this was once the case can be understood 
if wc recall that in the early lOOO's faculty discipline was the basis of the 
psjcliology of learning, the high schools still had a limited enrollment of stu- 
dents preparing for college, and science teacliing was in its infancy. 

It appears now that the trend” in the teaching of biology is toward 
dealing with the concepts of biology which svill help students understand 
ihcmsehcs as organisms and their environments in terms of the interrelation- 
ship of the organism and the environment. Tlic trend is to fit biology to the 
needs and interests of all students, vslietlier academicallv able or not. Hence 
tlic miiliiplicit) of courses. 

In general, biology teachers do not exclude from their course any given 
group of students. From the modem biology course all students might gain; 

1. A sufficient undcntandiiig of tbc concepts ol biology to enable those 

xsiW 7ixn V^ttnit 'Awtun, Trarscv, >««Vin(»V;niv. SaTiiim, ur rrtVicr agents 
of public bcaltb or biological production to cooperate intelligently svitb 
those svho are. 

> > at tonal Snfiny tor the Siu4t ot Uucaliaii. TAirtr Finl i tar hook, l*3tt I, .1 Program 
(or Seirnet T<«/iinc, If. o( Chica^a Quo?o. WS2. 

•• VV. F_ Cole. Trtefiine of /tiologt, I> .VpplelcHi Cenlurr. X. Y» I Ml. 

M This (rmd api<raml from j stud* ol 10 bo<l-«eIUn; irvllxnli in I MV an<l in IMS. alvi 
fiom a uii<t> of csiriKiilomi in 7^ varied «ch<n>l syttems. tmsll anil Urgr. rural an<I urban 



2. The opportunities for a practical undentantling of the method of tlie 
biologist which will gi\e them the confidence, in consultation with experu, 
to attempt the solution of problems which they hate to face in their Individual 
and social lues. 

3. '1 he incentue to become biologists (scientists svith special interest in 
biology) or experts m applying the concepts of biologs {c.g, docion, nurses). 
If this interpretation of the trend in modern biologt teaching is correct, one 
isould expect to fuKl a ssiile \jnei) of courses, including those for the science- 
shy and for the science prone, this is indeed the case. 

Certain biology leatbets ha\c avtcmplcd to fit their courses to an expand- 
ing and ditcrsificd student body. Enrollments in biology hate tended to in- 
clude a majority of the students. 

Brown” repotted that m 195135 entoUment in alt types of biology 
courses equaled 72 G% of the numlicr of (nipils enrolled in the tenth grade. 
.N'ation-viidc this pcrcciit.igc ranged from <10.8 in the t’acific states to 87.7 in 
the South Atljntic states. Atcrage class sire in biology was 27, in contrast to 22 
in diemislry and 19 in physics. Of those Khouls with tenth grades, 89% 
offered biology. 

The significance of the 726% enrollment in biology increases when wc 
note that chemistry enrollments e<|ualed 31.9% of all elesenth graders, while 
physics cnrollmenu equaled 23 3% of all twelfth graders. In total pupils biol- 
ogy had three times the enrollment of chemistry- ami four times the enroll- 
ment of physics. 

The percentage of public school children in biology has inocased steadily 
since its iiitrodiictian, at the eNpense of botany, roology, ami physiology. In 
1910, for instance, the total number of students enrolled in the new biology 
course was only S.tWO, aldrougb 2W»,0W) others were enrolled in botany, 
roology, and physiology. In 1955 biology eniollet! 1.200.000 pupils, an increase 
of 150-fohl since 1910, or I9C% of all children in high Khool. The biology 
course, newborn in 1910, has become a stalwart member of the Kicnce cur- 
riculum. 

As a conKquence biology teachers hate she Dp]iortuiiity of reaching and 
influencing many more students than either chemistry or physics teachers. The 
type of course offered in biology is then cs{>edally important. 


Patterns of present courses in biology 

There are various course outlines (scope and sequence material) atail- 
able which we should examine before wc develop a base for the particular 
one which the reader may devise for his own purposes. At all times the samples 

ilKennelh K. llrO«n. Offrnnp and fnroltiHenU in Srimee and Malhtmalics la Ful-lie 
Secondary Schools, U. S Deiiarimcni of tdutaiion PampMci No. tin, V. S Government 
Printing Oflice, Waihington, 1). C.. 1966. 
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offered here ate to be considered not as "raodeU" or “examples,” but just as 
samptes. A scope and sequence is a curricular invention sshich fits a particular 
group oi students, in a farttcuiar school, in a porticufar community. That in- 
sention is the result of the coJIaboratix-e efforts of particular teachers with 
particular training. Hence one scope and sequence should, and indeed must, 
be different from another. There are, howes-er, families of course outlines 
which bear general resemblances to eadt other. 

Inevitably with the changing numbers and composition of high school 
enrollments and the changes in teachers* \iews of their responsibilities to the 
pupils, course design in biology has taken several different centers of concern. 
These came historically in a sequence and most are still with us in varied 
abundance. If you observe in the schools of the country, you trill discern pat- 
terns such as the follotving. 

The sysfemafie, or coUege-preparalory, course 

Systematic courses, often with half a year of botany and half a year of 
zoology, were among the first to be offered when biology appeared in the 
curriculum. Because these mimicLed collegiate courses and because, at that 
time, all courses were heavily college-oriented, these were often known as 
"college preparatory." A diminishing number of public schools gi’te such 
courses,** although they are still ntlier common in the private schools which 
stress college preparation. 

Table 12-1 shows the parallelism between systematic biology courses in 
high school and in college. Column I gixes a course outline for a biology 
coune in high school; column 2. for one in college. Ob\ tously the intent of 
such a high school coune is to present the subject matter of biology systemati- 
cally. This "college-pteparatory” course in the high Khool may be identical 
in intent certainly, and excti in content, to a college course, or it may be 
“watered down." In either case, the lecture method is generally fasored; for, 
if all the material is to be cavred in class, no other teaching procedure will 
suffice. 

Tlie exidence is scanty indeed tliat the subject matter content of a course 
is in itself a significant factor in preparing students for general success in 
college or exen in a collegiate course xvithin the same field. Such courses may, 
howeser. help prepare students for the examinations of the College Entrance 
Board, insofar as teachers can determine by one means or another what these 
examinations include. This idea of "ptepataliorv for examiciauonV’ deserves 
and will rcceixe careful scrutiny in Chapter 19. 

Why luch systematic courses arc stiff fairly common in the high school is 
puzzling. Tlicy cannot be jusiifird as preparation for the College Entrance Ex- 
aminations; less than 10,000 fin 1951-55 actually 7,025) of the 1J200,000 pupils 

>»ln a luno In Michiern, C. G. Mallirwon rntnhl alicui to per cftit of ihe biolo;^ 
courses (o he “nslorutic.” S ol Ihe Mkhican Vifficc Irjchrrs .tssocUlion, June 

IMS. tnimcographfst) Scseral of «fw irxu in hish esirrm arc consiruclctl on iMi pjiiem. 
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TABIE J2-I T/ie syslemof/c bio/ogy course 


High ichool • 

College -t 

( Stientific method in biology 

B Ch^racieristics ol li'ing things 

C Classification of plants and animals 

D The cell (protoplasm) 

I General diaractensiics of life 

A Science and biology 

B. Chemistry of protoplasm 

C The cell 

D Characteristics and functions of liv- 
ing things 

11 Plant life 

A Schiiophjtes, iliallophyt« 

B Mosses 

C Ferns 

D Seed plants 

E. Plant physiology 

If The plant kingdom 

A Thallophyia 

B SchiroRiycetes 

C. Btyophyta 

D Pteridophy ta 

E The evolution of sexuality in plants 

F Cymnosperms 

C. Angiisperms 

H Aiuiomy of plants 

I. PhysioU^ of plants 

J Ecology of plants 

III Animal life 

A. Unicellular animals 

B Louei invertebrates 

C Higher invertebrates 

D. Loner vertebrates 

E Higher vertebrates 

F. Ecology (plants-anltnals) 

Hi Inverlebraces 

A Protoaoa (protista) 

D Coelenterata 

C. Platyhelminthes 

D Nemithelminihes 

E. Annelida 

F Arlhiopoda 

C Mollusca 

IV Animal anatomy and physiology 

A The digestive system 

B The respiratory system 

C. The circulatory system 

D The nervous system 

E- The reproductive system 

F The excretory system 

C Endocrines 

IV. Vertebrates 

A. Proiochordatei 

B. Chordates 

C Animal metabolista 

D Type forms (frog, rat) 

F. Di^stive systems 

F. Respiratory, excretory systems 

C. The circulatory system 

II Sense organs and the nervous system 
t. Endoennes 

J Reproductive systems 

V. Embryology and heredity 

A Development 

B Heredity 

V. Ecology 

A Ecology of plants 

B Ecology of animals 

C. Economic biology 

VT Evolution 

A. Geological history 

B Theory of evolution 

C. Mechanics of evolution 

VI. Development 

A Types of development 

B Physical base of heredity 

C. Human heredity 

D Plant and animal breeding 

VII. Optional 

A. Biological professions 

• From two high schools, one m New Eng 
land, one m a Middle Atlantic slate. 

VII. Evolution and man 

A. History of life 

B Organic evolution (theory) 

C. Evidences for evolution 

D Mechanism of evolution 

E. Biogcography and man 
t Prom a Midwestern university. 



TABLE 12-2 The principles course in biology 


I. Life functions of organisms 

II. Living things vary 

A. Organization 

B. Classification 

III Lning things depend on their environ- 

A Food getting 
B PhotoS)-nthesis 

C. Interrelationships 

D. Conservation 


IV. living things react to their environment 
A. Behavior 

V. Plants and animals resetnbie their 
annstoiS 
A. Genetics 

M. Life has continuity 
A. Reproduction 

VII. Life is a result of organic change 
A. Evolution 


Tvpical of courses given in five dues. Noitbeasl. Southeast, Midwest, Southvvest, North- 
west The order of units varies. 


enrolled each year in biology take the College Board Examination in iL“ 
But they indicate the influence ol the college on the high school. 

The principles, or concepluol schemes, course 

In time, more and more students remained in high school, and as the 
coune in biology continued to develop Irom its base in botany and zoolog), it 
evolved along the lines of general education. Increasingly teachen developed 
their courses in the ninth and tenth years to help young people undentand tlie 
world about them. This meant emphasis on the major principles of biology, 
on the life functions which were generally those of all organisms, on infonna- 
lion wUicIi could be applied generally. Hence, there was emphasis on the 
major generalizations or principles which describe hour the organism behaves 
or how it has changed with time (see Table 12-2). The emphasis was not on 
invertebrates and vertebrates as such, hut on the principle of evolution vvhich 
underlies their development. The characteristics of vertebrates vvere used to 
shed light on the evolution of organisms. 

However, the “principles course"* as developed in high school was never 
really a principles counc. The relationships central to the course were of 
diverse degrees of generality. Sometimes they were found in processes or 
funatons such as respiration, reproduction, digestion; while at other times 
they were taken from such embracing ideas as evolution, consenatton of 
energy, and the foovl cycle. Tltc functions of plants and animals, like repro- 
duction, were often related in one curricular block or unit. Vet the larger 
principles underlying such relationships (e.g., the principle of the alternation 
of generations evidenced in the evolutionary development of organisms) were 
rarely develojved. Apparently a course ucating really gratul principles of biol- 
ogy remains to be developed for the high school. 

><11. S. Over and R. C. kin;. CelUgr tntranre Tnt Scores and Thrir InUrpretatiot. 
So. !, rduoiional Tevtin; Vrvicc. ITincefon, X. J., I9VV 

hlt\-fo<‘Tth .Innuel Itrport of the OirretiFr, Cotlr^r Fntianrc Fvamtnjiion Biurit. 
.N. y. 19M. p. 62. 
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TABIE J2-3 A needj-eente?ed cowis» In biology 


I Impro>ing ovir behavior 
A General Iwha'ior 
B Learning 

It Living a longer, more vigoroui life 
A Health 
B Uivease 
C Hiei 
F Longevity 

III Oiir inheiilancc 
A Heredity 

B. Fvolvittotv 

IV Celling along viiih oihera 
A. Anthropology 

B Racial relatjonv 


\ Improving our food lupply 
A PhocwvntheviJ 
B Convervaiion 

\I Biologv in our pervonil live* 
Recreailnml (field Iripr) 
R ItobIxCT 
I AnimaU 
3 I’lanll 
S. I’CK 
C. Voralioni 
I Medicine 
3. Sorting 
S. Terhnology 


two roiirvev. one given in a Wnt Coau (it), inollicr on the Lail Coavt. 


The needj-centered cou«e 

Almost at ihe opposite pole Irom ihc course In svsteniatic biology is one 
which might he calicti '‘ncctiistcnicteti.’’ Its conicni is deri>c\i Iiom an examv 
nation of the beliavioral objectites lo besought Irom general ctUicaiion (Chap’ 
ter 5). Its foremost objecihe is to prosWe whaicser biology joiing people 
really need to Inow and uiihtc for successful living. 

The course draws its content from all of biology. It attempts to get boys 
and girls to state their ‘'problcim** and to seek answers ihroiigh building and 
applying relevant concepts. For instance, if a boy or gitl were to ask, “How can 
we know whether feeblemindedness is inherited*'’ the concepts of hercdiij 
and many others would be involved in the search for a solution. If the teacher 
is the type who plans with the class (Chapter 4), then he would ask the 
class, “^\'hat do you need to know to answer this questionV and proceetl lo 
develop a scries of concepu or principles, as well as activities, which would 
help students solve the problem. (Note cm page 241 the value of such a course 
in leading to high stoies on live College Entrance Examination in biology.) 

The importance of aiicmpting to discover and deal with the real needs 
of pupils (among other signiricam points) was underlined in the “Report 
of the Southeastern Conference of Biology Teachers"** held in 1931: "The 
objectives of ilie course are not valid until they become tlie objectives of the 
students." Teachers who believe this find their objectives most readily by 
beginning with those of the students within the area of biology and by adapt- 
ing the subject material and interweaving the concepu required for satisfy- 
ing answers. The objectives or "problems” of the studenu will show con- 
siderable stability from year to year and place to place. 

3Vhether the course is evolved by planning with the children or by a 
committee of teachers sensitive to the intciests of their pupils or by the 

i» The American Biology Teathte, VoL 17, No. 1. J»n. 19S5, p. S5. 
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TABLE 12-4 A eomprom/se course In biohgy 


I. Introduction to biology 

A. Introducing the saence oE biology: 
The ua)5 of the scientist 

B. The nature of life 

1. Characteristics of protoplasm 

2 Cells 

3 The organism 

C. The sariet) of Ining things 

1. Classification t 

2. Economies and ecology of living 
things nosen in niih the tlassib- 

n. Body structure and functions 

A. Structure and functions of plants 

B. Struaure and funaions of animals 


III. Human biology 

A. Nutrition: Digestion 

B. Physiology 

I, Circulation 

2 Respiration 

3 Behatior 

C. Disease pretention 

1. Bacteriology 

2. Iinniiinology 

IV. Cbntintiity of Hting things 

A. Reproduction 

B. Heredity 

C. Etolution 

D. Consenation 


• Course from a large city school. 

tone ttonders tthy classification is taught so early in the onirse where it has little meaning. 
Taught as part of o^nic eioltrtion— as an oulootne of it— and as lending eiidence to this 
conceptual scheme, it does have meaning. 


Curriculum Coordinator is not important. The coune has a distinct flavor 
different from those ve hate called “systematic biology" and “the principles 
course." One course based on children’s interests is shown in Table 12>3. 

The compromise course 

Usually the course in biology as outlined in published curriculunis o{ 
state or city departments is not entirely a “needs-centered” or “systematic” or 
"principles” course. A state or city department has many types of schools 
within its purview; hence, it generally prescribes not a rigid coune but a 
coune of study which permits many shades of opinion to survite. Generally, 
such a published course includes about 90 per cent of the topics the leachen 
in the state will teach. In fact, the outline of units in Table IZ-l, included 
here as a sample of such a coune of study, has 90 per cent of the topics gen- 
erally taught in the entire country. 

IVhich of these many topics are to be emphasized is indicated through 
suggested time allotments. For instance, by assigning the number of days in 
which each topic is to be “coiered,” or by indicating that some are "optional," 
relative emphasis may be placed on particular topics. Of course, if there is a 
state examination, its own emphasis will weight the various topics. One may 
expect that in such a compromise course, time is of the essence, and compro- 
mise is effected in the “teaching methods” used. The lecture dominates, al- 
though there is some discussion of "problems," particularly in Parts III and 
IV. Laboratory manuals and a workbook are customarily used. Essentially 
this coune is an evolutionary link between the “systematic” and the “prin- 
ciples" and the “needs-centered" course. 
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T/ie vocafionof course and ihe home economics course 

In some schools, the \ocational aspects oi biology are stressed. There 
are such courses as gardening and biological laboraior) techniques. Examples 
of iliese courses arc asailable in sjieiul schools, for instance. In socational 
schools Similar in aspect to the socational course is the biology course with the 
home economics approach, such as nutrition or nursing. Sometimes these 
courses are under the direction of the Ilcatlh Education Deparimeni (see 
references at the end of chapter). 

The honor course 

Recently in an attempt to meet the needs of the more able student, or the 
rapid learner, honor courses in biology have been set tip. These and other 
"honor courses" arc discussed in Chapter 9. Such courses generally seem to be 
high school courses with moie work than the "average" high school student 
docs, or college courses with Ust vvotk than the "average" college student does. 


Frames for developing a course in biology 

Eventually a teacher develops his own course and its pattern of activity- 
To what may he turn for help’ When budding a course he may wish to refer 
to the following frames of reference: all are inqioriant. but their order of 
treatment here may not be their order of im{>onaiice to him. Since his course 
will be a personal invention. Its special ingredients will involve his total 
teaching situation; students, teachen. and the community. 

Concepfuol schemes os o frame of reference 

Depending on the stniciure of the course, the principles and concepts 
selected will form a pattern, but there will also be underlying conceptual 
sclvemts. This is inevitable, because science is a quest for the large concepu 
which explain the way the world works and which can be used for the design 
of further observations and expeiiinems. 

Biology has many conceptual schemes which give it a distinct identity as 
a science. For instance: 

All living things originate from other living things. 

Over geologic history, all living things have developed from simpler liv- 
ing things. 

Celts are the building blocks of living things. 

Genes (in their chromosomes) are the physical basis of heredity. 

Living things get energy for their activities from their environment. 

Living things live in communities. 

Living things are mutually interdepeodent. 
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These conceptual schemes, and others the teacher may select for treat- 
ment in his course, may be subdhided into supporting principles, or con- 
cepts. For insaince, let us lake the conceptual scheme: Genes (in their chromo- 
somes) are the phj-sical basis of heredity. 

Some concepts, but certainly not all, which might be included are: 


Genes are transmitted to offspring through germ plasm, not through 
somatoplasm. 

Chromosomes undergo a regular behas-ior during cell division (mitosis 
and meiosis). 

Genes act as units in inheritance. 

The genes affecting a single trait segregate into different germ cells 
during maturation. 


Naturally, there are many others; the teacher will select those srhich fit the 
objectives of the course and those which fit his pattern. 

Some biology teachers feel that there is really only one conceptual scheme 
—evolution— and that all other conceptual schemes contribute in a subsidiary 
vsTiy as principles, ideas vviihin ibis central conceptual scheme.** While the 
designation of one major idea or another in science as a conceptual scheme 
is somewhat arbitrary, we should re<mphasire the iroporunce of the em- 
bracing conceptual schemes which are properly the center of any coune. Pub- 
lished studies of the many principles inherent in biology can serve as guides 
to the teacher who wishes to explore possible course reorganiaiion.” 

Sometimes in the construction of courses around conceptual schemes or 
principles, the major headings are stated in topical form. If this is done, we 
suggest that for clarity and emphasis the major concept be immediately 
stated after the topic, at least in the teacher’s notes: 

The Structure of Living Things: Celb arc the building blocks of all liv- 
ing things. 

The Reproduction of Living Things: All living things originate from 
other living things. 

Communities of Living Things: Living things are mutually interdependent. 

Inheritance of Living Things; Genes arc the physical basis of heredity. 

Evolution of Living Things: .-Xll living things have dev eloped from simpler 
living things. 


The reason is this: A topic indicates only an area of discussion, not where 

For an example of this in a coHege omssc see: C. C. Sunpson, C. S. Puiendrigh and 
L H. TiSany, U{e: An Introduciitm fo BMo^. Harcourt. Brace, N. Y., 1957. 

for example. VV. Edfar Martio. The Major Pnnciplet of the Biolopcal Scieneet of 
Importance for Ceoeral Education, U. S. Office of Uucation Cimilar 503, W'avhinirton, D. C.. 
May 1943, Chronolojncat Survex of Resaich Sivdies on Pnnciples as Obj«eti>es," Science 
Education, 29, 45, Feb. 1945, and “A Oeiamimcion of the Principles of ihe Biologicai Sa- 
ences of Importance for Ceneial EducalMMi,** Science Education, 29, 152. -April-Maj 1945. 
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the discussion is to lead The concept is a major idea to be built-an answer 
which gises direction to the development of the topic. 


Problems os o frame of reference 

When teachers first tried to frame their courses in terms of children $ 
interests, course structure was stated in terms of problems, real or contrisrf. 
Such courses were often built on the assumption that the problems which 
would arise in the classroom were the formal, academic problems to which 
biology had an answer. They were such problems as: 

How do living things reproduce? 

How do living things fight disease? 

How do green plants male food? 

How do living things depend upon each other? 

These, however, are not children's problems, but principles or concepts 
pressed (even distorted) into question form. They arc artificial and permit 
the teacher to present the former “principles course" under the guise of in- 
volving pupil interests and questions No one, except possibly the teacher, 
was fooled by this fornniUeion of pseudoquestions. 

This was not at all what curriculum makers meant by a course devoted 
to children's problems. Cut vve are all familiar v\ith the way counes are re* 
vised too often and too hurriedly. Sometimes, and this Is sadly true, it is 
mainly the sentence structure within the course plan which is modified. 

But there are real obvious problems of living. When these are rerognitetl, 
the course content and format may undergo considerable alteration. Consider 
a course to be built around cliese “problems’*: 

Why do wc heluve as we do? 

What kind of food is needed for the best growth? 

How can we grow the best food? 

AVhy ate we unlike our parents if wx inherit our traits from them? 

Is there a "superior race’? 

Can a person's intelligence be changed? 

Is insanity inherited? 


These are the real questions children, and adults too, ask. In terms of care- 
fully structured scientific concepts, these arc “untidy" questions. But their 
answers involve much knowledge and many diverse concepts in new inter- 
relationships. Very likely the information (subject matter) required to reach 
acceptable answers to these questions will differ considerably from that in- 
volved within the frames of reference previously described. The search for 
answers may not follow the academic structure of biology, or any other 
science, but then few of life’s real proUems fit with the stnictiire sc/entisM 
have used in organizing their results. If they did fit. they would not be 
problems. ' 
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WTiat might you do under the question, "Can a person’s intelligence be 
changed?” Probably you should include concepts dealing with evolution, 
heredity, behavior, and certain aspects ot body phjsiology (hormones). This 
is not as "neat” as a (ormal structure based essentially on conceptual schemes. 
Yet, for an anstver, considerable information must be learned; more impor- 
tant, it must be evaluated and structured by the student for his own answer 
to the question, since there is no definite answer. Different pupils may end 
svith answers different in both degree and kind. This is proper so long as 
each is based on adequate information and cogent reasoning, ahvays with 
the understanding that not all the evidence is yet in. 


Neeefs one/ interests as a frame of reference 

Yet another frame of reference results from a course built around mutual 
planning by student and teacher. The course will almost certainly have some 
of the "personal” problems noted abose. 

But in addition to such important questions as “Is there a 'superior race’?” 
and "IVhy do we behase as we do?” there will also arise in the course such 
special topics of personal interest as: 

Understanding the meaning of l.Q. 

Vocational testing. 

The breeding of tropical fish. 

Building a nature trail. 

Hunting fossils. 

Desert plants and animals. 

The sea and its inhabitants. 

Diseases in farm plants (com, oats, apples). 

Heredity in cats. 

places o! man. 

The approach to such a course was described in Chapter 4; it is the teach- 
ing method of Mr. P. If jou are interested in determining svhether this frame 
of reference can be useful to you and to your particular group of pupils, 
perhaps you will svant to refer to Chapters 4 and 5.** 

Ob/eefives os o frame of reference 

Finally, it is clear that the objectives sshich are accepuble to the teacher 
will condition not only the structure of the count, but the content, and cer- 
tainly the svay the course is taught. 

I'See also Robert J. Kasighuisc, DfivlopmeaM Tatks and Education, Loncmans Green 
N. Y., J950. 

Edualional Policies Coraraission, Edueation for All Amtrican 1 oiilh. National Education 
Association, Washington, P. C.. 1911. 

American Council of Science Teachers, National Committee on Science Teaching. Science 
Teacfting for Better Living, National Education Association. Washington, D. C., 1912. 
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For instance, if his primary objeaUe is lo prepare students for college, 
the teacher may clioose to give a course tvhich is patterned after a standard 
college course (see Table 12-1). This course will hate the earmarks, in many 
instances, of a fusion of zoology, botarsy, and phjsiology. A college text may 
even be used. 

The students still then be prepared for a college course in the subject, 
but only in the sense that it will be determined: 

1. Whether they can memorize material in a context unrelated to their 
lives. 

2. Whether they can master a college text before they are in college. (This 
svould be, some nould hold, a fair indication of nhether they later might “pass 
the course in college.) 

3. IV'heiher they can learn well from the lecture approach, for such "col 
lege preparatory" courses are usually presented by lectures. 

The teacher will have ignored what »s known about preparation (or col- 
lege as found in a significant study.** He will also Ime ignored the thoughtful 
observations and advice in the Harvard Report*® and other similar college 
statements. Essentially these studies and reports stress the point that the best 
preparation for college consists not in the details of the subject matter or the 
form of course organization, but in the experience a student gets in: 

Communicating effectively. 

Thinking with relevance. 

Acquiring efficient habits of study. 

Learning to w'ork with others. 

Discriminating betvveen values. 


Earlier we mentioned our preference for objectives in behavioral form: 
W'hat is the boy or girl able to do as a result of the course and learning? If 
high school is to be the place where general education rather than special edu- 
cation is the goal, then we seek our aims in the test of efficiency. As Fitzpatrick 
put it: »* "The test of efiiaeiicy is whether a given fact, concept, skill, or atti- 
tude will contribute to the development of more intelligent behavior.” 

Fortunately the biology teacher has at his command a study on behavioral 
objectives which should be ol value.** It a teacher plans his year’s work, his 


tlion, 5 vob , Harper. N. \ , 1942 43. especially V'ol. 4. 


1. VV. m“ Alim. T/if Srory of the Eight-ttar Study, 1W2, 

2. H. H Giles, S P McCulchm. and A. N. Zechiel, Etplontie the Curncutum 1942 

3 E. R- Smith and R VV. Tyler. Recording and Appraumg Sludrnt Progress 1942. 

4 D Chami-.ri.n It. g. ChamberUn, N E. Drought, and VV. E Scott. Did They Succte 


5. Thirty SthoaU Tell Their Story, 1M3. 

>ck, A’a/ic 

il Coats of Cenei 


F. L Fiupaii 
}att 1953 

“Will French ft at, Beht 
Sage Foundation, N. Y., I957. 
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units (Chapter 17), and his daily svorL along the line of behavioral objecthes, 
he tvill have, at the end of his first year's svort in de% eloping a pattern of his 
otvTi, a practical beginning statement of objectises. 

And, of course, biology is fun as well, "great fun." as some of the pupils 
say— especially A»hen biology deals with living things, and with the most im- 
portant Using things in the classroom: themsehes. 


Special considerations in teaching biology 
T/ie flavor of ihe course 

Xo matter what the pattern or the Und of course adopted, the course in 
biology has its special flaxor. and its special problems. 

Biology is essentiaUy a study of Using things and things that hate once 
been alixe. It is "lixing things" which give biology its special flaxor and in- 
terest. It is "lixing things" which also present the biology teacher with his 
problems, for the maintenance o( Uving things requires time and care. If the 
course encourages the young people in his class to tal-e part in studying their 
OAvn biology, the course not only concerns itself with a study of living things, 
but is alive as weU— alive with the interests of young people in life and living. 
Tot instance, note (he kinds of activities io the laboratory, in the field, and in 
the classroom which give flavor and fun to the search for meaning within a 
course in biology.** 

Study of piototoa under the microscope. 

Laboratory study of cells and tissues. 

An experiment in blood typing. 

A field trip to collect plants and animals for a tetrarium. 

Experiments in the chemistry of digestion. 

A study of fossils (Geld crip and bboratory). 

Experiments in photosynthesis. 

Reproduction of pbnts and animak as studied through breeding of rats, 
culturing protozoa, growing yeast, discussion of human reproduction. 

Analysis of soil. 

Dissection of the frog and the rat. 

Examination of one’s oven physiology. 


The place of the laboratory in biology 

This section will be brief. The laboratory in biology, aside from the special 
problems which characteriie biology, is a science bboratory. As we have indi- 

^Sce Section V, Tools for the SciCBcc Teacher, at the end of this xolume. ei^peoallv the 
»ections dealing with laboraiorr procrdoic. the worLtmok, the textbook, and the 'field 
trip. Store than a ihou^nd other acimties are pven in the accDinpanviiig lolume br 
E. Morholt. P. Brandxeia, and V Jotepb, .< Soureehooi for tkr Bioloricel Scientes, Ilar- 
court. Brace. N. Y, 19S9. 
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cated in Chapters 1 and 2, the laboratory is a place for experience in search 
of meaning However, ne do take special cognisance of a study of the place of 
the laboratory in teaching (Chapter 13) and in Section V, Tools for the Science 
Teacher, where we discuss procedures in the laboratory. 


Terminology 

Of all the sciences, biology is the one that is most readily loaded up with 
an enormous number of new terms, both English and Latin. To many children 
this vocabulary load is overwhelming; they cannot see the forest (sylva) for the 
trees (acet, pinus, qucicus, ulmus). The question of how much specialited 
vocabulary to use is always with iis. A reasonable answer seems to be: what 
is needed for tlie purposes, and no more. Biology students should know that a 
specialized terminology based on Latin is used world-wide for the precise 
identification of plants and animals. Yet for most of them a frog is a frog, 
perhaps a green frog or a leopaid frog. Nicer distinctions are not likely to be 
necessary. In botany one ran discuss a mountain laurel without tenning it a 
A'afmifl lalifolia We prefer that children be acquainted with the real material 
and able to identify it with an Lnglisli name in common usage, rather than 
that they know many technical terms, and are unable to identify the living 
Tnaieiial. It and when fine distinctions become necessary, the precise technical 
terms will be sought and remembered. At that lime, tlie meaning of the Latin 
and Greek terms should be made clear: ’■JatifoHa" means “wide leaved.” The 
same approach would apply to the complex internal structure of botanical and 
zoological specimens. 

Generally a special name lot a materia) or pan should be introduced o/ter 
the children see it and want a name that is belter than "that thing." 


"Confroversiol" topics 

Problems with human significance can be ignored, especially in a rigidly 
scheduled, teacher dominated classroom. They are most easily ignored in a 
course based on systematic biology; they cannot be ignored, at least without 
a twinge of conscience, in the "needs centered" course. W’e wonder, too, whetlier 
any teaclier may ignore, in good conscience, problems which arise out of the 
basic characteristics of the material he teaches. By way of example, consider 
these two teaching problems that arise naturally from studies of reproduction 
and evolution: 

1. Shall we, in teaching reproduction, deal with the topic of human repro- 
duction? ^ 

2. Shall v(e, in teaching evolution, deal with the topic of race? Of religion 
and its so-called "conflict with science"? 

Ate these problems within die purview of the biology course? M’e believe 
they are. And there are others. How shall we teach nutrition to children in low 
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income groups? How shall we consider the questions: is intelligence inherited? 
of what significance is skin color? what are the effects of ensironment on 
physical characteristics and on performance? The answers in the classroom will 
depend upon the teacher’s training, personality, and methods; the nature of 
the curriculum, and of the student body; the character of the administration, 
and of the community. 

Let us explore the significance of only one of these factors: teaching 
method. Where the lecture method is used almost exclusively, it is fairly easy 
to ignore these problems, or in dealing with them to sidestep controversial 
aspects. The teacher has assumed complete control for v»hat is taken up and 
what is omitted in class. He can readily avoid "taking a stand" on almost any 
topic. The megaspores of the gymnosperms is a "good, safe" topic and des- 
perately dull to children, but they have to take what is given, for the teacher 
gives the grades. 

fVhere the discussion method is used and student participation is honestly 
encouraged, real problems arise in class. If a student asks a question, he has a 
right to an answer, hut this need not be from the teacher. It may be sought 
through discussion, investigation, or reading. The teacher need not “take a 
position" at all. Here vve have a clue to techniques useful in dealing with 
troublesome problems. W'hen a student asks, for example: 

Are there “superior races”? 

Can intelligence be changed? 

How do humans reproduce? 

the question can be thrown back to the class in this manner: "Do you want to 
discuss this question in class, or do you want to investigate it by reading?" If 
the decision is for reading, then you must have at hand discriminating read- 
ing by various authors presenting different “sides" of the matter. 

Suppose, however, that the decision is for discussion, and the topic is 
human reproduction. Perhaps after dissecting a frog and dealing with the 
reproduction of the frog, a student inquires whether human reproduction is 
like frog reproduction. (^VTiether they ask or not, many are probably curious 
about this question. If they ask, it indicates excellent rapport svith the teacher.) 
Have you tried asking the pupils if they would like to deliver a baby pig, for 
“after all, it's very much like us"? We have found students eager to do this. 

^V'e get a pregnant pig uterus from a local abattoir or a supply house (see 
the directory of supply houses in Section V). Every four students get a piglet 
to "deUvcT." They dissect out the embryo, note the umbilical attachment to 
the placenta, the amnionic ffuid, and other features.*' At hand for ready refer- 
ence are three or four books and perhaps a film on the reproduction of the 
pig, to be consulted for further details. As a question on human reproduction 
is almost certain in a biology class, the teaclier can be forearmed. After the first 

I'Tor description of techniques, sec the companion volume by Moiholt, Branduein, and 
Joseph, A Sovrtebook for the Biologiral Seienttt, 
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)ear, other classes will anticipate the opportunity of learning about what reall) 
interests them. 

Other questions that will arise arc like these: How similar is this embryo 
to the human? Is the human embryo attadied somesdiat like this? How does 
the growing fetus get its food and oxygen? How many sperms are needed to 
fertilize an egg’ Tliere is a “naiurar’ reticence, developed by social condition- 
ing, not to refer to coitus in the human, but to frame the basic questions in 
terms of the pig, As the nvo are so similar (in this respect, at least), transfer 
from one to the other is easy and reasonably accurate. 

Another useful variation in teaching tecliniquc may also be used with 
topics of this type. Sometimes it is well to deviate from the position that the 
teacher is not to ansu er questions directly, but to throw them back to the class. 
Because some of the questions about reproduction may be embarrassing, be- 
cause taboos have been set up. because students may feel uncomfortable in 
publicly inquiring about human reproduction and adult sex life, the teacher, 
where advisable, might want to give specific answen to (lecture) questions such 
as these, tvhich have actually been asked: 


n produce sperm indefinitely? Can a woman have children 


Q. Can a 
indefinitely? 

A. Generally epealing, molt women loie the abilily to have children 
atonnd the ages ot « to 55. alter theit menopause. Similarly, moil men lose 
the ability to produec active sperm a little later in lile, probably beltveen 55 
and 60 A ipectfic answer is ditTienlt because she evidente is not adenuate. 
This procedure gives students confidence: they ask an honest question and 
^ an honest answer. The, see that -diineulf questions will not be ignored, 
resnen o' i“ leaching practice. Such mutual 
In prilate ‘ “ =hd answered. 

The “c"' i'"«>''‘™»etsial" questions ate avoided. 

Se cS '7“‘ '"‘“T in general is undermined. 

theseareve ™der consideration that are "coniroversiar: 

so~i behfvb, '• T relutton ol the f.cu for pen 

he” S r s' '”"1 '■.'.‘“'"“'"“I- « 'he child comes a place wltere 
and attitnd., Te T ■ ° >>»» oI the inlormation 

them St, h ‘'"‘P"'"' »' “I'T-K >he, are or where he acquired 
assist in devdop n'l'm “ information and then 

to leave themT ® T”" consequences, than 

the tea ht" irr""' ""r c”- be take’ to maintain 

'"P«' ‘“c 'b' MividmU and the truth, with humility- 

inviun* an adm'ln'S’ivV' mutual conGdeno; and rc«nec! can be fosicred bv 

alerted and briefed ' offiar to the discuwton'^ Pa^ni, t,^ 

.had. oi 1, the, ™ r i,... ,S 

□laiuriwn. of pupU. j|„up, cn„neni, can be avoideil. 
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What can the teacher do tvben questions aiise about the so-called "conflict 
between science and religion"? The apparent conflict is of coune between 
varied interpretations of the facts within individuals rather than the facts 
themselves. Generally this will turn around a discussion of etolution. For many 
children this term has a limited meaning implanted by adults; "men came 
from monke)s.” This is a gross distortion of the scientific meaning of the term 
and the grand concept it represents. Yet this is what many students bring to 
the classroom; their concept is meager, but they associate it with the verbal tag, 
evolution. 

Much is gained by encouraging students to speak out in objection to "evo- 
lution" and then patiently drawing from them the statement that the principle 
of evolution is what biologists have developed as an explanation of the facts at 
hand. Then they can be asked: Would they want to be ignorant of what is 
"known," whether they agree with it or not? The fossil and anatomical evi- 
dence for successive changes of the plants and animals through geologic time, 
with more complex forms appearing later, is so overwhelming that all one 
needs is to have the students examine the facts; tlien they can draw their own 
conclusions. 

One biology teacher whom we know taught in Tennessee shortly after the 
Scopes trial. The students defied him to teach "evolution”; of coune, he 
"wouldn’t do that, and anyway h was against the law." However, be soon had 
the pupils bringing in fossils from the limestone caves nearby, and they told 
him that the plants and animals must have changed with time. At the end, he 
could make the point that this general interpretation, rather than the idea of 
"men from monkejs” whidi they had rejected with strong emotional fervor, 
was what was meant by the label "evolution.” 

Ultimately the handling of controversial issues depends on the mien, 
manner, and ministration of the teacher. If be is calm, considerate, honest, 
good-humored, civilized, and ready to admit error, if he is permissive and not 
threatening, children will feel free to state their position, against all other 
comers in the class. 

In the light of our discussion of the nature of “controversial" topics in bi- 
ology, it is worth considering whetlser such a course can be given in the ninth 
grade. Are the students mature enough? Have they had sufficient experience 
with the intent and content of science? Have they had sufficient experience with 
the techniques the scientist uses to test bis pre<x>nceptions? 


An excursion 

info cfevefoping one's own course 
in biology 

12-1. Aside from your personal skills and wisdom gleaned from experience, 
aside from the notions gleaned from the references suggested in this chapter, 
aside from the ideas you have accepted as valid in your reading of the chapters 
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preceding this, )ou will probably want further help. It is readily available; 

(a) Syllabuses and courses of study developed by other teachers, commit- 
tees of teachers, or the professional stalls of the Curriculum Director’s office. 
Usually these are (juitc detailed, for some a modest charge is necessary. We 
ha\e at hand some 120 such outlines and courses of study which have been 
exceedingly useful m developing our own courses The state departments and 
cities listed here are some of the many throughout the country that have d^ 
veloped materials useful as guides to the development of your own “course 
invention." Certainly in developing your own course you need not start as if 
no other work had been done previously. 


1. First be certain to write to the State Departments (state capitals} 
of selected states; address the Director of Secondary Instruction, or the 
Supervisor of Science. Each state has either materials directed at the 
secondary school (with some mention at least of the curricular direction 
in biology) or a special publication in science, with detailed reference to 
biology, or a biology course of study. 

2. Useful materials can be obtained from the Director of Instruction 
or the Curricular Division of many cities: the following is a partial list: 
Atlanta. Baltimore, Boston. Buffalo. Chicago, Cincinnati. Detroit. Hart- 
ford, Indianapolis, Los Angeles. Miami, Minneapolis. Newark, New 
Orleans. New York. Oklahoma City, rhihdelpliia, Portland (Ore), 
Rafoigh. St. Louis, San Diego. San Francisco, Seattle, and Wilmington 

3. The aim of the professional science teacher should be to gather 
personally or through his Department an extensive library of recent courses 
of study. These will necessarily be renewed continually. Among the sources 
from which you can learn of new curricular publications are: 

Curriculum Development. National 
Sual - D. C.. issues, 

usually at hree-year intervals, L.sl of Outstanding Curricular Materials. 

study 

ricular "mat ^'^i Education occasionally lists new cur- 

ricular materials and courses of study. 

,. . P ’ • ^ lists of curricular materials in science, 

may be eheSdT^ «tirse structure, patterns of content, and even objectives 
modern textbooks I textbooks, old and new. Certainly authors of 

texts studies before they develop their 

laboratory manuaTs” wmkh^V ““ accompanying program of tests, 

certainly is a valuable a.H . ’ u manual. The teacher’s manual 

manuals and workbooks at “^ *” **^* tievelopmg his own course; laboratory 
workbooks are useful as of activities. Surely, a biology 
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teachei or the staff library should ha\e many of the available biology texts. 

(c) In addition, these Teferences may prove useful; 

Morholt, Brandwein, and Joseph, Teaching High School Science: A 
Sourcebook for the Biological Sciences, Harcourt, Brace, N. Y., 1958, contains 
a lengthy bibliography including biology textbooks, lists of films and film- 
strips, descriptions of classroom and laboratory facilities, and descriptions of 
some thousand or more actit ities in biology'. 

R. IVill Burnett, Teaching Science in the Secondary Schools, Rinehart, 
N. Y., 1957, see especially the section on the teaching of the topic "Race," 
pp. 271-92. 

(d) Finally, you will tsish to write to certain individuals and offices for 
assistance. Among these would be: 

U. S. Department of Agriculture 

U. S. Department of Health, Education and Welfare 

State Departments of .\griailture and of Health 

State Experimental Stations of Agriculture, Forestry, Fish Hatcheries 

Hospitals and medical laboratories 

Manufacturers of pharmaceuticals, processed foods, etc. 

Unhenities, both public and private 
Colleges in your vicinity 

12«2. You may find it useful to examine (he course outline in biology of five 
scliools (preferably of schools near you). How would you classify eacit of them? 
Do they fit Into the patterns described under the heading, Patterns of Present 
Courses? 

12*3. Observe biology classes of comparable pupils in schools using quite 
different types of course organiration. In which do the children undertake the 
most self-initiated study? How do these pupils perform on standard exami- 
nations? Are different types of course organiutlon used for diildren of dif- 
ferent abilities? In which type of course does the teacher seem most relaxed 
and happy? What variety of materials, resources, and experiences are used 
with each type of course design? 

12-4. How do the experienced biology teachers you know treat "controversial" 
topics? Do those who commonly lecture deal vsiih such topics? Specifically, 
inquire about evolution, human reproduction, and vivisection. 

12-5. Have you noticed the variations in various high school biology text- 
books’ treatment of the same topic? You might want to compare them, for 
instance, on the basis of technical vocabulary. Can any technical terms be 
replaced with more commonplace (nontechnical) words? Should this be done? 
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CHAPTER 13 


Inventions in science courses; 

The course in chemistry 


A note at Ih^ lieginn/ng: i u ,s mHI true, of course, that college entrance require- 
ments exert a strong influence on the high school course in spite 
o£ the fact that only 20 per cent of our high school graduates enter 
college ’ It is also true, however, that many colleges are accepting 
modified chemistry courses as an entrance requirement in lieu of 
the more usual college preparatory chemistry coone. As a result, 
more and more boys and girls are enrolling in applied chemistry 


Note the lerm “applied cliemistry course." Applied 
to what? Isn't the “college entrance’’ course in chemistry 
“applied” to some purpose? Or are these terms "college 
entrance chemistry” and “applied chemistry” meaningless? 

For over a century chemistry has been taught in the 
secondary schools of this country. At present about half a 
million pupils, most in the elesenih grade, are enrolled in 
chemistry each year. Evidently the present courses are suo 
cessful, or not too unsuccessful; otherwise the enrollment 
would not be this high Yet chemistry in public schools 
enrolled in 1956 only M.6% of the children in the eleventh 
grade * As science teachers we are acutely aware of the im- 
portance of chemistry. CcrUinly we can see that chemistry 
should be significant to a greater fraction of the students 
than now elect it. What factors act to depress the enrollment? 
How did the courses now being offered come into exist- 
ence? How might they be changed to be more attractive 
to the science shy. the average, and the science prone? 
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Development of the course in chemistry* 

Cliemisuy in American high schools shows, like biology and physics,* the 
strong impact of early collegiate domination. In the earliest American sec- 
ondary school, the Latin grammar school, no science schatever teas taught. 
This first sdiool was intended to prepare students to read Latin and prefer- 
ably Greek also in preparation for college. Colleges then s»ere a far cry from 
those of the present; their major concern was the preparation of young men 
for the ministry. 

Later the academies, like that founded in 1750 by Benjamin Franklin, 
presented a more varied and practical course of study including some science. 
But there was still no chemistry until the beginning of the nineteenth century. 
Then, s\hen the establishment of the public high sdiool had begun, and after 
Lavoisier and Priestley had furnished chemistry with its first important con- 
cepts and procedures, chemistry gradually appeared in the American high 
school. For the most part this earliest chemistry, like botany and zoology, was 
taught catechistically as a series of teacher-questions and student-anssvers en- 
Ihened with dramatic demonstrations; the solcano, and assorted odors. In the 
early 1800's chemistry was considered (for some reason) a science most fit for 
young ladies, and many of the “female academies” adsenised "a good chemical 
apparatus.” Others foresaw the industrial and agricultural importance of chem- 
istry and urged its teaching as a means of avoiding the necessity of importing 
chemicals from Europe. But generally there was no central purpose to the new 
course either in the colleges or in the high schools. 

During and after tlie Ci\il War chemistry became more popular, and 
laboratory work for both boys and girls was stressed. In part, this stemmed 
from the wide acceptance of Froebel's emphasis upon work with the hands as 
a form of creative expression, and in part, from the success of the chemical 
theory of Avogadro as clarified by Cannizzaro in 1859. Xow there was some- 
thing to teach and a way of going about teaching it. Seemingly with more 
enthusiasm than wisdom, the “discovery method,” or heuristic approach, was 
hailed as the key to all science teaching. By learning how to discos er in science, 
students would be able not only to observe better, but to do better. In chem- 
istry, as in the other sciences, laboratory work was the panacea, and unattain- 
able objectives vs ere propounded. 

In keeping with the spirit of the times. Harvard College in 1886 added 
‘‘laboratory chemistry” to the courses on its admissions list for students seeking 
advanced standing. To pros ide guidance to schools offering such a course. Pro- 
fessor Josiah O>oke of Hatvaid prepared a Ihi of 85 experiments, later reduced 
to 60, in qualitative and quantitative diemlstry. Students were expected to 
perform most of these in school and were Indiv {dually tested in the laboratory 

* This section is based in pan on: S. Rosen. “The Rise of High School Chemistry in 
America (to 1920),” Journal of Chemical Edacalton, }}, 627. 1957, and "A History of Sdence 
Teaching in the American Public High Schools. 1820-1920," unpublished Ph-D. thesis Har- 
vard U„ Cambridge. 1955. 

^ See Chapters 12 and H. 
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>\hcn they came to Cambridge to apply for admission to the college. This list 
of experiments s\as soon known as “The Pamphlet” and went through sescral 
revisions as the resuit of criticisms and school experience. 

Cooke’s "Pamphlet” focused attention on the purpose of chemistry in the 
schools. Many hailed n. texts were soon written to conform to the plan. Others, 
however, bitterly complained that it was too difficult, too quantitative, too 
deficient in descriptive and qualitative chemistry, too mathematical, and too 
theoretical Actually, this course was too advanced and abstract for many of 
the pupils. A few. hut far from all, other colleges followed Harvard in accept- 
ing a course of this type for advanced standing. 

In the Report of the Committee of Ten on the Reorganization of Sec- 
ondary School Studiex in 1891,* the recommendation was that chemistry be 
accepted for admission to all colleges. This recommendation was not rapidly 
accepted; relatively few colleges would accept chemistry as a course for admis- 
sion until some years later Harvard in 1900, Vale in 1911. 

In 1902 Alexander Smith' found that chemistry courses fell into three 
major types: 

1. The discovery or heuristic, with strong emphasis upon laboratory work. 

2. The theoretical, which dealt with the gas laws, atomic theory, and 
Avogadro's hypothesis. 

!. The historic systematic, which dealt with oxygen, hydrogen, water, etc. 

Although collegiate emphasis was upon the second form, the prevailing 
loTm practiced in secondaty schools was the third. Ten years later, in 1912, 
textbooks were found ' to be organized around water, air, salt, and the periodic 
table. 

Throughout this period the schism between schools and colleges had been 
developing. Tsvo major factors were working. First, the rapid expansion of 
secondary schools had produced a quantitative demand for teachers far in 
excess of the number of able new teachers available: as a result many classroom 
teacliers were themselves unable to handle effectively the details recommended 
by the colleges. Second, and perhaps more important, was the expansion and 
change in the student body within the schools. Teachers realized that they 
were expected, under compulsory education laws and general public enthusi- 
asm, to educate all American boys and girls. With a heterogeneous student 
body having diverse interesU and abilities, the rigid high school chemistry 
course proposed by Cooke was no longer suitable; for many of these boys and 
girls were not certain of completing high school, or were not necessarily going 
to any college, or found the chemistry course too difficult or uninteresting, or 
were not mentally equipped to master the many principles, facts, and quanti- 
tative aspects of the existing course. 

In retrospect the initial college domination appean to have had consider- 


•Ameri<ia Book. N. Y, 1891. 

’ aim, O der Smith and t. H. Hall. The Te 
linemans. Cectn. N V . 1902, p 
» R«en. A t>t Snrnce Trarhtne. 
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able -s-alue. Chemistry was mosed into a position oi academic lespectabiUty. 
New, if unrealistic, standards of performance and teacher competence were 
defined. Yet, as the high schools passed from college preparatory to common 
schools, changes svere difficult and the definition of a nesv center of concern— 
a basis for more effectise courses— t\as not sharply defined or made operatise. 
The struggle to reorient chemistry has been a long csolutionary one. It con- 
tinues, with vestiges of almost esery earlier course plan still in use. 

Numerous attempts hase been made to reorient and redesign the course 
in chemistr)-. One has been to use the basic ideas of the college-preparatory 
coune as a frame sviih changes in sequence and emphasis. The knowledge of 
elements, compounds and mixtures, physical and dsemical changes, water and 
solutions, acids, bases, and salts, as well as some typical fundamental chemi- 
cal reactions, nas used as the basis upon which other optional topics were 
deieloped. 

Another attempt was to explore the ways in which the materials of chem- 
istry could be used to further general education, the content which would be 
most appropriate, and the methods which W'ould be most feasible. In 1947 the 
Committee for the Study of Science Education commented: * 

The secondary school course has usefulness for the purposes of general edu- 
cation. . ■ ■ Accordingly, cbetatstry teachiog should clarify the relation of chem- 
istry to health, to vocauonal pursuits, and to the other aspects of living to which 
the subject matter of chemticry relates and to which it on contribute under- 
standing. 

Not only the purposes and methods, but also the organization of chemistry 
counes hate come under scrutiny. IVe quote again from Jaffe: “ 

Organization of topics in a chemistry course has also undergone some modi- 
fiotion. The popularity of textbooks which diiided the course into tight units is 
waning. The eSea of this artificial grouping of chemical knowledge resulted in 
mental indigestion for the pupil and in a strait jacket for the inexperienced or 
beginning teacher. . . . The (tight) unit treatment seemed logical enough but 
created difficult learning situations. Today, the trend in organuaiion of subject 
matter follows the psychological order. Difficult concepts and hurdles are carefully 
interspersed tiuou^out the course so that understanding is not permitted to tail- 
spin or interest to fall too sharply. 


Patterns of present courses in chemistry 
The coffege-preporafory course 

How well does success in the college-preparatory course in the high school 
enable us to predict future success in college chemistry? The answer is “lery 
poorly.” About all we can say is that a student who has difficulty with high 

•National Societ) for the Stud) ot Edoaikm. Forty-Sixth Searbook, Part I, Science 
Edacction tn Amencan Schools, U. of Ctkkago Press. Chicago. 1M7, p. 199. 

•» B. JaBe. op. of, p. 71. 
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TABIC 13-7 CoUsge-preparaiory tovrses in chsmhlry 


High tchool (IfVJ/) 


Hiisory d! chtmisuy 

Ox\ jco 

Hvdrogen 

Alomic theory 

Formula? and equations 

SodjiJrti 

Sodium compounds 
Chlorine 

Ploblcms (Asogadro's h)pQth«i>s) 

SuWur 

Reamons— ae\er«h\e and nonxeverasMe 

Nitrogen 

Halogens 

Carbon 

Calcium and its compounds 
Metals 

Important mineral substances 
Activity oC metals, electrochetoical senes 
Compounds ol carbon 


Hrgh icTiooi {East) 


Introductkxt 
Solutions and uater 
Oxygen and hydrogen 
Atomic strucisire 

Chemical nomenclature, formulas, equations, 
and prolrlem* . 

Periodic UbSe, metals, nonmetals, and inert 
elements 

The halogens and their compounds 
Sodium and calcium compounds 
lontaatlon 

SuUut and ns compounds 
Nitrogen and its compounds 
(^tbon and its oxides 
Nuclear energy 
Organie cbeoisstry 
Metallurgy 
Principles of reaction 


High school {Midv>tsl) 


Colirge U»l 


Oxygen 

Hydrogen 

Water 

The suuciute of v,atet 
Foimulas and equations 
Chemical calculations 
Acids, bases, and salts 
The halogens 

Sodium, potassium, and compounds 

Nitrogen {The atmosphere) 

Carbon and compounds 
Fuels 

Calcium and its compounds 


Mercury, silver, and other 
Colloids 

Organit tViemislry 
Textiles, dyes, and plastic 


The baeVground of chemistry 
Measurements and methods 
The commonest element’ oxygen 
Another gaseouy eltroenf hydrogen 
The nature of gases 
Concerning atoms and molecules 
The two compounds of hydrogen and oxygen 
The atmosphere and its constituents 
The pariides atoms are made of 
The structure of atoms 
The focmatioo of compounds 
The release ot energy 
The nature of the solid state 
Solutions, their nature, propeiuet, and U».s 
Some Important complex ions 
Keaettons depending on Ihe mobility of elec- 
ttous and of protons 
Speed and balance in chemical reactions 
The extremes of the periodic system 

Cbemicali from salt and sea water 

Sulfiur base ol modern industry 

Phosphorus and fettili/ers 
MeuUurgy. iron and aluminum 
Magnesiuni and calcium; hard water 
Carbon and silicon, glass and ceramics 
A bit about organic chemistry 
The rest of the periodic system 


• Note that many coUege courses do not follow this pattern, not do all the coll- 
*“ a 1955*®'’’*' ^ Ceneraf Chemistry. 2imI ed . W H. Fieeman 8. < 







school chemistry- will have little chance of success in the college coune. Esen 
outstanding success in secondary school chemistry' is no guarantee of collegiate 
success. The theory studied in high sdiool is necessarily elemental-)'; that in 
college is considerably deeper. The college course also begins to stress mathe- 
matical treatment, nhich may ovenvhelm the student ssho needed little more 
than a good memory and simple arithmetic for success in the high school course. 

Despite all the reports and studies, the present high school college-prepara- 
toiy’ course is markedly similar to that of the 1920’s.** One need only compare 
thechemistiy ssllabusesof Netv York State, tvhich base influenced those of many 
other states, in the 1920’s tviih the revisions of 1938 and 1956 to note how much 
of the fundamental framework remains intacL The syllabuses hate been ex- 
panded (rather than revised) through the inclusion of recent developments 
which require greater time and attention than did the few materials deleted. 
Teachers’ complaints are frequently heard; increastngl) tlieir courses become 
a race against the clock, and lectures must be used to “cover” the material. 

Table 13-1 shows three typical college-preparatory syllabuses and the out- 
line of a widely used college text. Compare them for details and organization. 
Also, if practical, compare them with simibr syllabuses from twenty or thirty 
yean ago. 

r/ie pnneipfes course 

^VTiile chemistry and all other sciences abound with principles, it does not 
follow that a chemistry course is necessarily a "principles course." This will 
depend largely on the content selected and the methodology used to teach it. 
^\’hile newer statements of aims and objectives arc putting more emphasis on 
principles, too often in chemistry the principles are taught as isolated items 
not applied or developed through further vvork (e.g., the laws of definite and 
multiple proportion). Also, the interrelation among principles frequently is not 
esublished (e.g., the principle "reactions go to completion" is not applied in 
the study of industrial processes and the use of catalysts). Usually principles 
seem to be derived from the topically organized coune illustrated in Table 13-1. 


A tfifferenf course in chemisfry 

As in other areas in science, there is a cutting edge, a point at which ad- 
vanced thinking about the course of study, as well as experimentation, is taking 
place la the teachlag of chemistry. 

u For various statements see the following in the Jovnul of Chemical Cducalioii: “Re- 
port of the New England Assn, of Cbennsiry Teaehcn' Committee on College Entranec 
Examinations." J6, 46. 1959. 

"The Chemistry Examination of the CEEB," John T. Tale. J7. 443. 1^40. and IS, 411. 
1911. 

“A Min'unum Svllaboa for a Coilege-Psepataloiy Course in Ghemiitiy,” John C. Hogg. 
27, 46, 1950, and M. .\I. Whitten, J/, 307. 1W7. 
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TABIE 13-2 Proposed course outline for high school chemistry based 
on chemicol bonds as the central theme * 


A JjiM of chortiical combinatton 
li Alomic wciRbW ivmboli 



4. Periodic lalile 


III. Chemical llonds-ni«con(inully of 
Chemical ChanRe 

A. Hond i)pes lanic, coslent. meullic 
n rh>>ical propertiet of tubtianres 


I. Caies 

a. Cat Uut 

b Kinetic molecubr theory 
3. Liriuids 

J. Solids 

a. Cryitalii ec. diamond, tugit. 
sodium chloride 

& Ph)i1cal iraiidorniaiion and tern 

1. Cat 10 lu|uid 

3 l.iquU to solid 

3. Relation of matt to propeiliet 

4 ReUiion of irantforinaiions to 
bond t^pes 

5. Oastificaiion of matter and 
ph)tical irantformationt 

a. Mitiurrs 

b. Soluiiont 

d. riements 

6. Purificalion proreduret 


and mmpiiiindt 


1. rlijtical propertiet 

2. Subtiiluiion reactions 
a Formulas 

h. Tajuatvons 

c. Calciilaliont 

3. Chloromelhanes 


C. Oxigen. vater. and carbon dioxide 
I. Combuition 
2 Chernica\ energy 
D Oiemical geometry 


V. Chemical Change; Metallic and Ionic 
Hondt 

A. Atomic ilnicture of metalt 
n Oxidation and reduction (menu 


plus nonmetali yield font) 

C NaCl. hfgCU. KCl. MgO 

1. rhytical properties 

2. Simple chemistry 

O. Elecirolytls to produce Na. Clj. M* 
1. Mam tbemixiry ot eleciTtAysvs 


VI. Periodic Table 


VII. Ilydtosen, Chlorine, Hydrogen 
Chloride 

A ReUiiie aiiraeiion tor eietiroM. 
eg. tiablliiies of NsH, Nsa, and 
IlCl 

B Polar coialent bonds 
C Properifes of HCl 

VUl. Piopenies ot 11^0 

A. Ph)Sica] properties 
n. Reaction with IICl 
C Reaction with Na 


IX Acids and Bases 

A. SloithiometTy 

B. Titration 


X. Nitrogen and NH, System 
A. Fs]uilibrium 


IV. Chemical Change atul Covalent 
Climiical Bonds 

1. Inert gases 

2. Reaciixiiy and siruclute 

B- Methane, hydrogen, clitoiine, hy- 
dnjgm chloride 

•Strong aivl WiImm,, *Chetni<aI Bonds . . . 


XI. Polyavnmit liwit 

A. Oxidation of NMj to yield NO»“ 

B. Sulfuric acid 

XIL Bonds Between Like Atoms 
A Carbon chaini 

B. Multiple bonds 

C. Funcitonal grou^i* 


3M IMVIKTIONI IN IC1INCI COUISIt 



One such course, a very interesting one. is described here: 

In much that has been witien in recent years concerning the effective rela- 
tionships between high school and college chemistiy courses.* two comments 
recur: (1) care should be taken to asoid wasteful repetition between the two 
courses, and (2) performance in freshman collie chemistry appears to be little 
influenced by whether or not the student has had high school chemistry. This 
latter statement seems to imply that the standard high school chemistry course is 
ineffective as a basis for more advanced work. Furthermore, it borders on a gratui- 
tous insult in the face of the fact that most college chemistry students say they 
found their original interest in chemistry during their years in high school. . . . 

At a conference sponsored by the Division of Chemical Education of the 
American Chemical Society and the Crown-Zellerbach Foundation held at Reed 
College, Portland, Oregon, in June. 19&7, a group of high sdiool and college 
teachers again discussed the integration of high sch^I and college courses. It was 
agreed that repetition is a most useful aid in learning. The problem is one of 
judgment as to the material to be included at each level. The group at Reed 
College did not arrive at an answer to this problem, but one proposal emerged 
from the discussions which offers a way to move forward. It was agreed that a 
good high school chemistry course ought to have a quality of intellectual integrity 
that can be communicated to the student, and that this could be achieved by hav- 
ing a focus toward which most of the discussion could be directed. If a course for 
high stdiool students could be devised with a central theme less broad than the 
whole of chemistry, but including the major paths by which a chemist proceeds in 
his dealings with chemical phenomena, then it ought to be possible to produce a 
reasoned argument for the topics to be included or excluded, the order of pres- 
entation. and the points at which individual variation might most readily be 
introduced. 

A major differentiating aspect between cheroisiry and other branches of 
natural philosophy is the concept of chemical bonds. Indeed, the making and 
breaking of these ties between atoms is chemistry. Our proposal is that "Chemical 
Bonds" is the logical central ibeme.f for a meaningful high school course. It is a 
theme large enough to include a great amount of descriptive chemistry and at the 
same time to serve as a guide to the items which can best be included in the course 
iuelf tsee Table 13 2]. 

* See, for example, L. B. Ctapp, "Reducing Duplication in High School and Pirst- 
year College Chemucry." J. Chrm. Edut^ J2, 141, 1935. 

t IV. Kuckel, Structural Chemutry of Inorganic Co’npoundj, VoL 1, Elsevier Pub- 
luhing Co., Inc., Amsceedam, 1950, p. 44. 

The applied chemistry course 

Compulsory education has brought to the high school a considerable 
number of students who are nonacadeniically minded. At best, the high school 
course will be terminal for these students; from their ranks come the many who 
will drop out of school before graduation. These pupils are not equipped to 
handle the more demanding features of the typical (college-preparatory) high 
school chemistry course. 

The course in applied chemistry was designed to present these students 
with a knowledge of chemistry that would achieve some of the broader objec- 

» Laurence E. Strong and M. Kent Wilson, **Cbeiiiicai Bonds; A Central Theme for High 
School Cbemutry,'* Journal of Chemical Education, iS, 56, 1958. 


THE COURSE IN CHEMinRY US 



. 


The hork of ti,f themm 
" ‘'■aiu'-e of 
m Soluiion 
'Vaier 

''"”™l n„„„ 

4 ■"■I”."-.™ 

'»-Cher„!„U„>hme,ic 

A«d,, h„«. a., a 


^rcnrt Trtm, lirorganiiallan Inla »Ww' 
group, ® ^ 

!• fiiela and combu«ion 
«f. Xtetah 
nr. Alloji 

IV'. Conwnaiion of nilural 
®''iJn\AL rtnir \ 

n. n^eins 
ni. aHnini; 

rr Cojmeijr* 
ni. In««tjdd« and 
IV. I’hoiosrjplij' 


fpellrali 


lives of ^n^ral a i • 

straci lopit, 5 A »"<■ nilxii„„ ^ toiiiitry (f,oi„ i|,c conccpl 0 

groundwork havi ^ “or*""*' inolrilUy ,i; rlioriliarid are Ircated lighllr 
Irroad topic, ot '*■« Itabnce on7' nature. Tilt 

■rleaehe, houwi i oPP’roation, ,i, t ^oar ti tictotetl to a study ol 

'"'‘■Aneaampiec, >»a er,al. »' oonttrrtetiotr. and drug. 

n,,, ""'"aPrrei. shown in Table IS-J. 

''“"'onol course 

"’hile dycs, cosmcsic, u, 

™"rn fte" S "»™e t^ .Te'i o,™ "PP"“"”"> 


inreresT!" die" >« ammo Tat sTo'”,'*’ ™Po"""' »PI...o.t,t 

«Z‘ 'sr .S°S"ey^ ‘-o“n '.“Sa'::,: ‘t' 

l ■''■or .11, o”?w >’ ‘■."■’'O' is concerned, 

-Po ..Udcn.^:' oon Pe .LTZ,1 " 

™"oor' How ™™"n»enu Sl,7„ t' «■>'' do ‘hey 

go»o «!,„« PnoWedge i„n,, “d na„„„al, i„ a sign, fie, 

•lie value, of e ‘H"”. ha,e .L, PekaviorJ ® 

■""niiy, and . •■"de^ a^^^ d’ " h”T ""PP" 

1"'»lon. above '"P" "« n.,i„' %“ “ "'"■Per of the co 

■ •" “•»!., catted eo7r.,r~’^'? “ T" ‘ 

lit iNv»k,e,_.. ^ typical study 





TA61E J3-4 A course in functional chemistry (Denver) 


The tntroductory unUs (12 weeks) + 

I Whj siud> chemistry 
n. Importance of chemisiry in modem life 
\\\. The tundamenials of chemistry 
The lunciwnat units (26 steels) J 
fV Chemisir) of the indnidual 

\ The chemistry of water ii» the bmtjr 
B The cheinistr) of food within the 

C- The interdependence of plant and 
animal life 

D. The chemistry of glands of internal 
secretion 

E. The chemistry of hacieria and disease 

F. The chemistn of drugs ami medicines 
O. The chcmisliy ol clothing 

II The chemistry of cosmelia 
(. Chemical hobbies 
], Vocations related to cheraisiry 


V. Cbemisir) of the home 
A. Chemistry of cooking 
R. Chemistry of cooking utensilt 
C Chemistry of tableware 
D Chemistry of fuels 

E, Chemisirv ol refrigeration 

F. Chemistry of sanitation 

G kfedicat sersiers in the home 

H. Chemisicy of construction and con- 
struction materials 

I. Chemistry of paints, tarnishes, and 
lacquers 

J. Chemistry involied in landscaping 
and gardening 

VI. Chemistry of the community and the 

A. Chemistry of water purification 
0. Chemistry of the manufacture and 
distrihuiion of foods 

C. Chemiiin of leuage disposal 

D. Chemisity of purihaiion of air 

E. Chemistry of industries 


*. Maurice Ahrens. Norns Rush, and Far Easley, iit Seietice in Central Education, ed. by 
V. T. Thayer et al. Commission on Secondary School Curriculum, Trogressise Education 
Iswciaiion. D. Appleton Century. N. V.. IMS. pp 165 “5 This outline sened as the basis 
for the test Lu'ixg Chemutn (and us bhoraiory manual) published by Ginn, 
t These three iniroiluctory units are desoied to the minimum of the fundamenials of 
chemistry neeOetl for the funaional units- matter, energs. structure of matter, formulas, 
onvcen and hydrogen (very bnef). sotiuwns ami ioruratvoo, equiiioni. acids, bases, salts 
I Each of these lists of problems is not considered completely in each davs, and no itudeni 
studies all the problems taken up within the class group. 


svliich is presented in Table IW. These courses aticropt lo get closer to the 
sitidcni's “needs and inicrcsu.*’ ** 


The honor course 

llic changing high Khool population foatsed our attention on the prol>- 
Icms of the nonacatlcmically minded pupil. .\s is often typical in human rela- 
tions. the gexsd and superior students were “taVen for granted.” .\ftcr all. they 
posed no obsious problems atnl svcrc hence left to themselves, liut the long- 
time result has been one of neglect; their talents were left untonsidcred and 
iincxplorctl. In recent yean, ft has been more usual to hear the question, “What 
ate VC doing (or our briglvter studenisr" Many schemes in answer lo lliis tjues- 
tion have to do wiili never administtatUc procedures in the schosd as a vhole, 
by vvay of honor classes and hemor kHooIs viihin a Khool. Where numbers 
permit, as in large cities, sjicrial schools may lie set up for the talented scith 
admission being by c\amination only. Ic>r chemistry in particular, there has 

» lor btvcf cWTii*l»<>n» «>l oiJin ohIiws of ihi« Ivye. icr iJiun aivl S. R. Powm. .Vcw 
Pi'niioni iw Science TentArig, McCcxm-IIvIE X. I9W. 
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developed the scheme of providing an advanced course for the brighter stu- 
dents. This is equivalent to first >ear college chemistry. (The topics and treat- 
ment are those of a freshman course; a college text is employed.) 

The pendulum seems to have come full cycle after almost a century. The 
early Harvard proposals, which affected chembtry teaching for almost half a 
century, prescribed a course which enabled the student to enter college with 
advanced standing in chemistry. There is an important distinction, though, 
this course was then given to all students; today we do the same thing, but 
only with those select fern who are capable of, and interested in, such an 
undertaking. 


Frames for developing a course in chemistry 


Objecfives as o frame of reference 

In 1925 Powers** summatired the objectives of high school chemistry 
leaching slated in many sources. The list was too long to be covered adequately 
within one year. Some of the objectives bowed to the "disciplinary value” of 
chemistry, while others were vague and without meaning. A committee writing 
later on this situation for the Thirty First Yearbook of the NSSE reduced this 
long list to a few broad objectives: '* 

1. Pupils in high school chemiMiy courses should develop better understand- 
ings of those fundamental concepts, major ideas, laws, or principles of chemistry 
that will enable them better to interpret natural phenomena, common applications 
of chemical principles, and industrial applications and uses of the principles of 
clicmistty 

2. Pupils in high school chemistry classes should learn to use the processes of 
itflecvive thinking, prohten solving, and techniques ol study that are best adapted 
to the solution of problems within ihe field of chemistry, especially those which 
most often present themselves in daily life. 

3. Pupils in chemistry . . , should develop those attitudes toward the facu 
and principles of chemistry and toward the methods of investigation employed in 
the field [of cliemistry] that will serve as guides in their use of chemical facts and 
principles and methods of problem solving. 


These objectives are essentially of, by. and for chemistry, they are rooted 
in chemistry as a subject distinct from other sciences and from life in general. 
They look to the results of the course in chemistry as being applicable only to 
chemical situations. These objectives, stated in 1932. seem too narrow today. 
Yet an examination of textbooks and courses of study will indicate that they 
are still being used widely. 
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But chemistry taught in the high school is dearl} a part of general educa- 
tion, and it has significance for alL K students are asked to name something 
in the home or among their clothes, or a medidne. svhich the chemist has not 
improsed, they will base difficulties. Clearly chemistry has relesance to our 
life and Ihing. Just as clearly the chemistry course in intent and content could 
proside a nesv insight into our modem dsilization and into the impact science 
has upon hosv sse Use and sshat n'e Ihe with. Pertinent objectises are those 
svhich students see as part of their lives, which were stated in Chapter 5. \S'hy 
are these so rarel) operating in classrooms? 

Like manj significant questions, this is easier asked than ansssered. Yet 
seseral separate factors are probably working. Often the teacher is not sure 
Sshat his intent really is. Is he a chemist teaching? How can he resolse his 
interest in the subject area and the advice of distinguished chemists svith the 
realities of the pupils in his classes? To what extent can he escape this dilemma 
by thross’ing the responsibility upon some examination for sshich he must 
“prepare" the students? Here we squarely encounter the conflict which arose 
in the early decades of the century. If we were obliged to “take a stand," we 
would prefer a teacher uho thoroughly knows his subject but whose allegiance 
is to the students. He can use his knowledge to help them leam, as we shall 
see. 

In comments upon this failure of science teachers to accept and apply the 
objectives of general education, the Harvard Report states: '* 

The teacher is not always clear whether he is engaged in special or general 
education, what proportion o( his effon ts to be spent on coverage and in being 
faaually up-to-date, to what degree he is training for manipulaitve skill, and so 
on. From the point o( v tew of general education, we are iniereued in these things 
not primarily (or their own sake, but as they fit into an integrated intellectual 
structure. Science instnictiou in general education should be chaiactcrired by 
broad integrative elements— tlie comparison oi science with other modes of 
thought, the comparison and contrast of the individual sciences with each other, 
the relation of science with iuovm past and witli general human history, and of 
science with the problems ol human society- These are the areas in which science 
can make a lasting contribution to the general education of all students. Unfortu- 
nately, these areas arc slighted most often in modern teaching . . . beause the 
teacher is engaged in continuous stniggle to encompass the subject matter. How 
is he. then, to deal witli extra things— the tnucal examination, history, literature, 
and general cultural content ol his subject? It is of course true that as extra things 
these aspects of scientific instruction should be impossible, /litt they are not extra 
things— they ate Ihe very stuff of scienee in general edutation. Once it is clear that 
he IS engaged in general rather than special education, these arc the things Vvhich 
must be cmpbasircd', and to an increasing cfegyee as the siucfent matures. . . . 
The inlfgraln’e element is the student's own mode of life and his personal rela- 
tion to the immediate cmironment. 



Ccncepfoo/ jc/iemej os a frame of reference 

Objectives alone do not underpin a coune. A course has its framework in 
conceptual schemes as well. Chemistry, like all courses svith a bona fide area 
of dcselopment, has concepts and principles whicli are [iccuHar to it. To men- 
tion a few 

The bchasior of chemical elements can be predicted from a knowledge of 
atomic structure. 

Atomic structure provides an arrangement of the elements which shows 
them to exist in families rather than as indisidual clemciils. 

Qieraical changes follow (juaniitaiise laws. 

It is thus possible, if one wishes, to organire the counc on the basis of 
broad conceptual schemes such as these. 


Neeefs onef inferests as o fcome of reference 

Anjone who has taken a course in ch«niitr> knows how its study could 
fulfill certain needs ami interests ol young people. Here are some •■problems" 
which relate directly to students' lives and will involve the nonnal content of 
the chemistry course in a way significant to students: 

IV Vic avoid the danger of $|>omancoiis combustion in the home? 

the home) " " methods of fighting the possible types of fire in 

2. U’bat typical household chemicals may be dangerous to use? HVe shall 
eertamly cover a multitude of facts in answering this problem.) 

3. Uhai may be done at home to soften -hard- water? 

4. How can we assure a safe water supply? 

5. How can cI.enA,,, help i„ ,|,e .|i,pn.al ot wa„cl 

6. How can useful materials be obtained from farm waste? 

chcinUngTce^p^S'’"’ 

8. How does ehemistcy help in improving orre liealili? Our footi supply? 

mS.rhi,"n',y'''” ™de„. m hi, home, hi, eom- 

munnj. hts natron, anti bts eitrirmtmcnt. 

needfeemerrt .ubjec-eenrereri rarher rhan 

a chemistry course in rtrreh^on 'pb^es rather personal clioices. In 

planned to exaSet, b?" •>< ">= term, student. 

-nope. Then, using “ ™ 

blood tor its ration. btod.em.siry a, reference, they analysed 

The students were g»'«m«ric and volumetric methods 

month and a half) when n j ^ hugely (u had been going on for i 
half) when one more concerned with the fa?ts of life than 

ro INVENT, om ,N science COUSSE, 



with the facts of biochemistry, asked. **Does this course prepare us for college 
entrance examinations and the Regents Examination?" The answer was, of 
course, "Not if it’s a typical examination." To this answer students responded 
variously, but there was quite a bit of concern. The problem was solved, 
courageously, in this way. 

Students and teacher agreed that even though it was not possible to orient 
this course toward the examination, some preparation for the examination was 
still desirable. They agreed that in analyzing blood, they had learned the lan- 
guage and tools of chemistry. For instance, they had learned to write formulas, 
do quantitative problems, make solutions of the desired strength, and so forth. 
They further agreed that even with the best of intentions the entire standard 
course could not be covered. Hence, this plan was svorked out: 

1. Students studied past examinations. Tliey worked out a plan of reading 
which would enable them to "covet" the necessary material. One day a week 
was spent in quizzing each other (with the teacher’s help) on standard formulas, 
equations, preparations, and so forth. When a standard demonstration to illus- 
trate the material under study was required, it svas done by students or the 
teacher. 

2. Meanwhile, they continued their w'ork in biochemistry, and then went 
into organic chemistry (paciicularly esterification). 

The students were successful in the state Regents Examination. As far as 
could be determined, students in this course did as well as other students of 
equal I.Q.. reading score, and mathematics score s\ho took the standard course. 
This no longer surprises us. although it did at first. Students svho are vitally 
interested generally read more, do more, and learn more. 

Note again that planning with students does not result in lowering 
“standaids," but results actually in increasing the vigorous application of the 
students. The teacher does not abdicate: he remains a teacher. This means 
raising the standard: this means that students work harder and learn more. 

Dut what if a student had not asked, "Docs this course prepare us for the 
college entrance and the Regents examinations?’’? In our experience, in years 
of planning svith students (in classes where there are boys and girls who plan 
to go to college), this question has always been asked. Where there is an ab- 
sence of threat, students do ask sensible questions and arrisc at sensible an- 
swers— svith the help of the teacher, of course. The teacher, we repeat, does not 
abdicate; he is the guide to leamtnig. When he is such a guide^ more subject, 
matter is learned than when he is prescTipiivc: such is our experience. 

And svhat of special personal interests? Crystallography? Crime detection? 
To Icam firstliand how chemistry is used In the detection of crime, a student 
must become acquainted with a considerable body of facts about chemical 

w Regcmi ExaminaiJom are (he Ksie-wide oatnlnationi o( the Roard ot Re^^enit o( 
New \orlL Slate; they reflect the slate tytiabu^ 
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analysis. If he is attracted by the interesting possibilities of electroplating or 
wants to know how a plastic is synthesized, he will soon be acquiring much 
specialized information on his osvn initiative, and judging the significance of 
this information as it applies to his problem. He will be practicing the art 
of the scientist. 

In another school, a student asked during the first week what w-as left 
after the oxygen had been esohed from KCIOj. It "should'’ be KCl. but was 
It? The student was cncourageil to find out, and oser the next weeks was 
invohed in techniques and learnings which "nortnany" came later in the 
course. Because he svanted to answer a question, he willingly learned much 
that is generally considercil difficult. Since not cscry student will be inter- 
ested in the same topic, such pmjccu provide for individual interests. They 
can be carried out during, before, or after class, cither at home or at school. 


Untfs os a frame of reference 


hforc than any other device, the unit has been used as a base for organiza- 
tion of the chemistry course. Clearly riniis con be organized around con- 
ceptual schemes, problems, nectls and interests, or utility in our society. In 
chemistry, units have been organized in topics (oxygen), conceptual schemes 
(periodic table), or fields (metallurgy). There seems to be no rhyme, if indeed 
there be reason, for this organization. 


For instance, a unit on metallurgy may be bascil not on a single con- 
ceptual scheme or a “need and interest'' or even a problem, but on the utility 
of metals in our society. Nevertheless, in terms of the task of maintaining the 
student s interest, a unit on metallurgy which stresses the general principles 
in obtaining, using, and prmccting all metals clearly surpasses the disjoiniesl 
diaper* " ”*^'*'* inJi'idual study, each isolated in its 

Wheihct or noi Iho Iraioc ol rofnence ii in conccpiu.l scliomts or per- 
ronol .ntneir., ihe banc organiracion nccosaril, i„d„dc. a large body of 
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subject matter, the mastery of which result; in understanding of some large 
principle or function. Usually (as will be seen in Chapter 17, The Unit in the 
Course), the sequence of units is planned to proceed from less difficult prin- 
ciples to those of greater difficulty. Usually, skills and attitudes are stressed 
in relation to principles and problems. Nesertheless, the units of a chemistry 
course often do not have a parallel construction. 

Table 13-5 is an example of one course in which the units do have parallel 
structure based on large understandings or functions. 


Special considerations in teaching chemistry 
T/ie flavor of the course 

Chemistry, like each of the sciences, has its distinctive flavor. A visitor to 
a chemistry classroom or laboratory will likely find the teacher or students— 

Decomposing an oxide. 

Preparing a gas: h)drogen. oxygen, bromine. 

Purifying water. 

Discovering equivalent weights, e.g., of magnesium. 

Finding the weight of 22.'! Hten of oxjgen. 

Neutralizing acids and bases. 

Preparing ammonia, nitric add, hydrogen sulhde, sulfuric acid. 

Studying destructive distillation. 

Preparing an ester. 

Determining an “unknown.” 

These opentiont and many others are the essence of chemistry. Also in- 
volved are— 

A certain kind of maihematio. 

A shorthand. 

An extensive technical vocabulary. 

Skills in designing apparatus and in manipulatirig equipment. 

These create the odors and colors, the “feel" of chemistry: they belong to it 
and to no other study. Because there is so much to do in chemistry, it can be 
great fun, 

Chemisfry and social problems 

Because chemists have been so successful in understanding and maneuver- 
ing the components of the physical woikl. many fundamental changes in llie 
social domain result. Probably these arc not “controversial issues." as some 
applications of biology are considered, but they arc sodal problems resulting 
from tbemistry vshich must be solved in part with the relevant knowledge of 
chemistry. Among many are these: 
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1. Man has learned how to transmute the elements and release enormous 
energies. ^\Tiat shall we do with this new skill? 

2. Nuclear experimentation and power plants are already putting into 
the air disturbing amounts of radioactive materials which “fall out.” How 
shall w'e deal with this? How significant are the amounts already in the air? 
\Vhat are the political and social implications, on a world-wide scale, of this 
"fallKiut”? 

3. The mineral resources of the world arc finite and unevenly distributed. 
In the United States Ine less than one tenth of the world’s population on less 
tlian one-fifteenth of the land mass. Yet we use one-half of the world's mineral 
resources, iron, aluminum, oil, rubber, and so forth. What are the conse- 
quences and responsibilities of this rapid use? IVhat problems does this pose 
for the near future? For certain necessary materials we are a "have-not” nation 
(wolfram, manganese, etc.). What consequences does this have on international 
relations?^ What is the likelihood of substitutes being found? 

4. \\c are using fossil fuels, coal and especially oil, at a terrific rate. Yet 
the demands for power rise continually. How will these be met? Who will 
make the decisions and finance the operations? 

• national population will be close to 200,000.000. Water 

IS already m short supply in some areas, in part because it is used so extern 
suely in manufacturing processes. Food for our people and possibly for the 
exploding popu ations elsewhere in the world must be grown on the same 
hrn ted and well used land areas. What can be done, by thorn, and at what 
cost to supply more water and food? 

h to base future citizens who compre- 
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answer, and a gcx)d one, lo his question. Then he svill be tidy and precise. 
An approach which invohes predictions bom knowledge svill identify the 
dangerous materials and reactions: e.g., will tltis reaction be strongly exo- 
thermic? If so, svhat would you expect to occur? What precautions should 
you take? This svill also reduce the cliances that students svill, as happens 
too often, "pour tilings together to see svhat svil! happen” and base a ghastly 
accident. Certainly there is no single anstrer to this difEcult question, but the 
attitude and approach of the instructor can make a significant efl'ect upon 
the atmosphere of experimentation. 

Theory vs. opp/icafion in chemisiry 

From the beginning of the century the relame attention to theory, appli- 
cation, and descriptive chemistry has been argued, Xo over-all anssver can 
be created, for the intent of the teacher and pupils svill sary among schools. 
Yet chemistry is a science, which means that the multitude of specific reac- 
tions can be organized and explained through a relatis ely fesv generalizations. 
In some instances, a "law of behavior" can be formulated directly from the 
observations. In other cases, some postulated property of atoms or molecules 
(valence, electric charge, binding energy, elastic collisions) must be introduced 
as an intermediary in reaching an explanation. The success of chemistry in 
predicting what will occur results from these generalizations. To omit most of 
them for purely descriptive chemistry or for extensive discussion of the won- 
ders of modem technology prevents the student from comprehending the 
significance of the descriptive information and the basis on which technolo- 
gies, with multimillion dollar investments, can be created. 

Hhforicat sequence in chemisfry 

Every science has a long and distinguished history. This is the story of how 
we have the knowledge now available. A course in chemistry which uses the 
historical approach would begin with the Greeks. But for a course in chemistry 
reflecting its use in the modern world, we would accept the concept of atoms 
as a starting point; surely the idea of atoms will not be a novelty to the stu- 
dents. Then gradually questions arise about how we know when we can rely 
upon the existing generalizations. This is the time to repeat, perhaps, in the 
modern context, the classical investigations of the past (history) upon which 
our current knowledge rests. That is, the student needs to be aware of “how 
he knows" and "how well he knows." At appropriate times the struggles, 
achievements, and disappointments of former chemists can be used through 
brief case histories.” The purpose of this is not to teach the history of chem- 

i»L«i Klopfer and F. C. Watson. "The use oT case histories in science teaching,” in 
Sarnce Ttach>n% Through Problem S^-ing, Nall Sci. Teachen Assn , 1956, mimeographed, 
p. 40; see also The Science TeircAer, Z-/, 264, Nov. 1937. 
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istry, but to use the past to tlluminate the present. A student may then see 
how present problems are like those encountered by chemists in the past 


The value of laboratory work and demonsfrafions 

After the hejday of enthusiasm for laboratory tvork, for which prepos- 
terous claims had been made, tlioughtful people began to ask what effects 
laboratory stork had upon children’s learning. In part this was motivated by 
the “enormous expansion" of enrollments in public high schools (from 519.000 
in 1900, to 2,200,000 in 1920. to 4,399,000 in 1930). The resulting strain upon 
building facilities, especially laboratories for individual experimentation, aas 
severe and expenses were high. The possibilities of group laboratory work 
and of teacher demonstrations were explored. 

During the second and third decades of this century many experiments 
were made to reveal the relative merits of these different procedures. At that 
time educational experimentation, which was just beginning, severely suf- 
fered from “faulty and inadequate experimental and statistical techniques 
and the lack of reliable and valid objective tests for measuring the instruc- 
tional outcomes." 

The nature of these insufficiencies is exhibited well in one of the later 
and larger studies: that by Carpenter which involved over a thousand pupils 
in 34 classes in 23 schools in 14 states. W'e quote his major conclusion, sup- 
ported by the data despite the primitive statistical treatment- 

The results of this experiment point to the conclusion that the majority of 
students in high school laboratory chemistry classes, taught by the demonstration 
method, succeeded as well as when they performed the experiment individually, 
if lurress u measured by instruments u/hieh measure the same abilities as are 
measured by these tests, namely, specific information and abilitv to think in terms 
of chemistry ‘ 


For this to have meaning we must examine the tests he gave the pupils. As he 
states, they heavily involved recall of infomiation. The “ability to think in 
terms of chemistry" is not so evident. The test items were based on “ten 
introductory experiments as found in one of [the] most popular chemistry 
laboratory manuals- Brownlee and others. Laboratory Exercises, Allvn and 
Bacon" (edition not cited). A perusal of these test items reveals that a compe- 
tent student could answer them completely on the basis of a textbook knowl- 
edge either demonstration or laboratory work.« Little wonder then 

that he did not find large differences between the results of presenting the 
phenomena to the students in the two different ways. ^ * 
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Among the many studies, probably the “classic” is that by Horton.** Not 
only did he devise standard paper-and-pencil tests tvhich required more 
knowledge of “doing" or “performing,” but, in addition, he desised a test of 
laboratory manipulate e skills, appraised both through written tests and direct 
tests in the laboratory. After extensis'e experimentation, he concluded: ** 

Ko reliable results appear in the testing by the ordinary written exatuinations— 
neither by the Regents nor by the school test. 

This is not surprising in \ icw of the type of item and ability ins olved in such 
tests. Also he concluded: ** 


-A. The order of preference of the methods studied, in the light of all the out- 
comes measured, appeared to be: 

1. Individual laboratory «ork without dtrecUont, the so-cnlled "problem 
method.” 

2. Inditidiial laboratory woik follovking directions, but with these directions 
consciously generalized. 

3. Inditidual laboratory work following directions from a manual. 

4 Demonstrations of all experiments by the teacher. 

B. For success in the ordinary written test there was litde preference: no method 
showed a superiority amounting lo certainty. . . . We were left with a choice of 
believing that; 

1. AVrmen tests are inxalid for detecting differences m methods of laboratory 
work. 

2. The methods of doing laboratory work are not determining factors of 
success in written tests. 

S. Both these statements may be true. 

^ot isore than one fifth of the student's time in the course was demoted to 
the laboratory work.] 

C There were, oerertheless, differences in she outcome of the different methods 
of using the laboratory. Thu appeared to be confirmed by all the non written 
tests proposed. These differences were found in ability 
1 To manipulate apparatus 

2. To make experuneniaiion iatohing use of apparatus. 

3. To sohe perplexities or projects imolving use of chemical facts in labora- 
tory situations. 

He also found that 87% of the students preferred indisidual laboratory svork 
to demonstrations and commented: 


From such a decisive preference for indhidual wort we may judge that it senes 
at least the purpose of self-actbity, moihation, and maintaining interest. On 
these grounds alone, the expenditure of time and money may be justified. . . . 
It appears that we base oserempliasized individual work as a means of acquiring 
information and of merely undemanding diembtry. On the other hand, there 
seem to be important outcomes from ludiirdual wxitk measurable and attainable 
by suitable methods which may make it more, rather than less. importanC 


>1 R. E. Horton, Mtatxirable Outmmtt of Indhidual iMboratory 
Chfmistry, Contributions to Eduation, No. 303, Bureau of Tubliau 
Columbia U., N. A’., 1928. 

*»lbid., p. 81. 

/bid, pp. 99-102. 


II ork In High School 
ions. Teachers College. 


THE COURSE tN CHEMinST 377 



All this only reemphasires the basic question of the desired outcoinfs 
of a diemisiry course Do we wish the pupils to attain primarily a static knowl- 
edge of chemical facts? If so, laboratory work, and perhaps even demonstra- 
tio'ns, will not be essential. Tests will deal with recall of static knowledge of 
the type in texts. (Incidentally, enrollments will be exceedingly low.) Do we 
ivish the pupils to see chemistry as a dynamic science, as an example of how 
men struggle to describe the behaviors of the world and to make sense out of 
them? If so, laboratory work will hate a central place and will be much 
more than exercises repeated from a manual. The issue is just that sharp. 

These questions have remained unresolved. In 1916 the committee re 
viewing this topic for the Forty-Sixth Yearbook of the National Society for 
the Study of Education wrote: ** 

It IS regrettable ihai in a majority of science classes in which demonstration 
and individual experiments arc peifonned. the chief, if not the sole, function 
served by these activities is to verify facts and principles already learned, 
experiment is commonly postponed until the pupil has found out from consulung 
the text or from classroom discussion what experimental results ou^t to bc- 
Then the experiments ate perfoimed so tliat the pupils may verify what they 
already know. As a result, it is common for the pupils to engage in such unde 
suable practices as "maling the answer eome out right,” and telling w-hat "ought 
to have happened" instead of what actually happened 

Performing demonstration or individual experiments merely for the purpose 
of verifying facts already known is rarely, if ever, jusiified. The primary purpose 
of experimenting is to secure evidence v»hich may reveal answers to problems. In 
order to effect lids purpose, the inductive method should be used in neatly *11 
eases; that is. the laboratory work should precede, not follow, the classroom dis- 
cvusion of a. topic or prindplc. 

Under this plan, the pupil needs the same careful direction tor experimenting 
that he will require m any other ease; he needs to be given, or to work out for 
himself with the teacher’s help, the procedures to follow in securing an answer 
to a problem. But everything possible should be done to encourage him not to 
ascettavn by other means what the answer should be, . . . Alter he has arrived at 
the best answer to his problem that he can reasonably be expected to obtain, it 
is proper for lilm to consult the textbooks and references to find whicli are the 
correct results, 91 obtained by skilled scientisu working under ideal conditions 
Such practice is ideal for the teaching of Uie scientific method and for de- 
veloping scientific attltvides The ptacticc of tarrying on experiments for the 
mete purpose of verification often emphasires the antithesis of scientific method. 
The thirteen years which elapsed should have brought a shift in emphasis 
in the objectives of the laboratory work in chemistry. But, to our knowledge, 
this shift exists in only a rntnotity of classrooms In a great majority of cheitv 
istry classes the statement which bc^ns this section still applies- "It is re- 
grettable that in a majority of science classes ... the chief, if not the sole, 
function served by these activities [demonstrations and individual experiments] 
is to verify facts and principle* alrady learned.’* 

This opinion was accepted as describing the present situation by chemistry 
teachers with whom we discussed the problem m sixteen Science Teacher Insti- 

•• op, eil., pp. 51-52. 
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lutes held during the summers of 1956 and 1957. It is also what we ha\e found 
t\hen discussing the situation with teachers throughout the country. In gen- 
eral, we find that the s)llabus topics stated in Table 13-1 are used (in one 
sequence or another) in the majority of classrooms in this country. Simi- 
larly, sve find that the topics shown in Table 13-6 constitute the laboratory 
exercises generally used throughout the nation— almost to the sequence. 

Note that we say "laboratory exercises”; these are done by students after 
they have the information. Information is not gathered inductively through 
the experience. The laboratory experience is not in search of meaning; it is 
merely an exercise in laboratory manipulation, sometimes indifferently per- 
formed. 

This is a most regrettable commentary about the role of laboratory work 
ivhen all science teachers are aware of the central place of experimentation in 
science, ll laboratory work is handled in the manner described just abose, the 
abilities of children to select and design equipment, to predict from prin- 
ciples, to operate carefully and accurately, to observe closely, to appraise re- 
sults. to search for improved techniques and equipmental design, to apply 
statistical analysis, to describe data graphically and algebraically, and to 
interpret data will not be realized. Further research on the benefits of labora- 
tory work would normally include these attributes as central. Yet in terms of 
current laboratory practices, we would expect to find little or no gain in the 
critical scientific skills. 

But basic in the current misuse of laboratory time and facilities is the 
clear observation that children en/oy laboratory work, especially when their 
efforts have some personal significance. A major revolution in science teaching 

TABIE 13-d Typicei laboratory exercises in chemistry 


1. Fhv^al and chemical chaogei 

2. Uements, compounds, and mixtures 

3. Matter in chemical change 

4. Decomposition of an oxide 

6. Iljdrogen 

7. Displacement of hydrogen fioni naier 

8. Water and solids 

9. Purification of viater 

10. Equivalent weight of magnesium 

11. Weight of 22 4 liien of ov)gen 

12. loniration 

IS. The electroljsis of an e!ectrol)tc 

14. Neotraliration 

15. Reactions to completion, reversible reactions 

16. H^drobsis 

17. Chlorine 

18. Hvdrogcn chloride 

19. Bromine 

20. Iodine and a Hunrine compound 

21. Nitrogen (the atmosphere) 

22. Ammonia 


23. Nitric add 

2t. Oxides of nitrogen 

25- Sulfur 

26. H)diogen sulfide 

27. Sulfuric add 

28. Carbon 

29- Destructive distiUation 

30. Carbon dioxide 

31. Fermentation 

32. Esters 

33. Soap-maEing 
3>. Foods 

33. Textiles 

36. Relatiie activity of metab 

37. Metallur^ 

33. Qualitative analysis 
39 Oxidation reduction 

40. Aluminum 

41. Calcium, magnesium, and their com- 
pounds 

42. Hard w-ater 

43. Determination of an unknown 
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^vlth a sharp rise in enrollments can be forcGist if the laboratory is tiseJ in 
the spirit of science to inquire, to test prcdiciiom, and to wrestle ssilh reality. 


An excursion 

info developing one's own course 
in ehemislry 

We are forced to the conclusion that chemistry teaching, as defined by 
the topics taught in classroom and laboratory, is fairly standardircd through- 
out the country. The course gisin is that delineated in Table 13-1; the labo- 
ratory course ghen is that m Table 13 6. Tliis standardiration and orienu- 
tion is unbLe gencial science and biology. U'lut does this mean? 

PeThnps Ilia. Clumistry teachers base devised an invention which is 
satisfactory It niceis the ncevh of l>oyi and girls, the various ronimunilies. 
the schools, the collegts. Furthermore, chemistry teachers are generally satis- 
fied with this invention. 

Or ih}s; Chemistry teachers are icatlung a course svhich fits scry fw 
young people. This might account, in part, for the relatively low enrollment 
in a very inicrevting subject. 

Or this: Chan^ in chemistry teaching is slovscr than in other areas. 
In this aspect, it is hie physics teaching. 

,1. !ati,r.c,l lo Ictl. only a .(left sroiin. Thoy 

nol, m Btneral, liolm, ,|| 
chommry «h,ch r.l. il.cir iodiiijo.l joal,. 

Ltl'i?'!,'-""''".!'' ™ ooiirel, .lillcm, tour,, in diem- 

hai bnJ.ho„ tI' I" >o prtloie Ilia yonnsMtt, Io> 

fLr ' T taaminalion,- an.l >c. to ttodop 

the nictho! of '"Otiern methods of teachitig. 

the method of intclligcnec, and concept formation 

He rJiuJd ■■■’ P'™ t'eserihed io Chaptet <• 

' c~ I , r',""'” ......ttet a eootse 

tern Bm <’'><>«•<•> ""d toood them all .imilat in con- 

Le m ; r°''‘ I”"”™ »' iaionnation need not 

no . h„°L ri oH soap, .taking, ete. He did 

de don tre ;ar.he T'"'? “l""’ P«tienl,rly hi.toty. » 

and 2;t^ri;:=r 

n^gtaphed sLt'S:? the 


Ma INVENTIONS IN SCIENCE COU8SIS 



tests svere given. He also listed the dates by which these topics were to be 
read. (These svere flexible deadlines and were changed as the course devel- 
oped.) 

He decided that in class he would deal only with the ’'difficult” topics, 
those which had a mathematical context, dealt with lasvs, or dealt with con- 
ceptual schemes. All descriptive chemistry he left to the students. 

(b) He allowed one period (or occasionally two) per sreek for clearing up 
difficulties which came out of the students' readings, and for performing the 
standard laboratory and classroom demonstrations. 

(c) This left to the classroom and the laboratory such problems which 
developed from the very nature of chemistry, e.g., 

How do you identify an unknown ion in solution? (Much laboratory 
time was spent on analysis.) 

How do you know that MnOj is a catalyst? (Experiments on catalysis were 
done in the laboratory.) 

How do you know that weight-weight relationships really exist, e.g., in 
the reaction NaCl + AgNOj -» AgCI + NaNO*? {Careful experiments were 
done over a period of a week.) 

(d) As a test of whether his students “knew” chemistry, he used the type 
of test developed on p. 428, as well as various American Chemical Society 
tests. He found that, when taught this way, his class did as well in terms of 
knowledge and skill gained as they did when he was (as he put it) "bound 
by the rat race of the textbook and-laboratory course.” 

There were three most important results: 

1. Those students who were going on to college did tvell in the College 
Entrance Board Examinations. 

2. Those who were science shy did as well, in his opinion, as they would 
have done in the course he used to gise. 

3. The enrollment in chemistry tripled over four years. 

13-2. In order to determine what is going on in chemistry courses through- 
out the country you might want to gather various ojunes of study. The ap- 
proach we have found useful is described at the end of Chapter 12. The 
Course in Biology. 

13-3. For laboratory experiments, demonstrations, field work, projects, films, 
etc., in chemistry you might want to examine: 

J. Richardson and G. P. Cahoon, Malerials and Atethods in Teaching Physical and 

General Science, htcGraw-HilI. N. V., 1952. 

A. Joseph. P. F. Brandvsein, and E. Moiholc. Teaching High School Science: A Source- 

book for Ihe Physical Sciences, Harcoim, Brace. N. Y., 1959, a companion to this 

volume. 
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CHAPTER 14 


Inventions in science courses; 

The course in physics 


ng note at the bepnning: There was a teacher who gave her students an 
assignment, a review of a book on penguins. In order to 
stimulate clear thinking, as well as brevity, she asked that 
t e review be couched in one sentence. From one boy she 
got this statement: "This book tells me more about pen- 
guins than I care to know.” 

Probably teachers of physics would say, and with 
justice, that they have been told more about the need for 
revision of physics courses than they care to know. Yet 
anot er way of putting it in one sentence would be: 
^nysKS has a tremendous impact on society, but too little 
inipact on enrollment. This is a pity, because physics is 
u , It IS interesting, and it is necessary equipment for 
understand modern society. 
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high levels of abstraction, often symbolic, as well as the 
laboratory skills uhich comprise the existing course in 
ph)sics. Enrollments in such ph)sics counes cannot be 
high, because the number of students who can cope with 
such a course is limited. Yet the solution is clear. 

1. For those who arc to become experts in phjsics, or 
svho arc capable of this esen though the interest has not 
yet been aroused, the course in physics as given now ought 
to be extended and enriched. It ought to be made, if you 
wish, more abstract, more esoteric, and more delightful and 
exciting to those whose gifts enable them to do more. 

2. For those who are not to become experts in ph)sics, 
a physics course suited to their needs and interests is also 
possible and, indeed, necessary. Sudi a course would deal 
with the problems these bo)s and girls will face as citizens; 
with topics such as the automobile, TV, electric currents, 
the H bomb, the bic)cle, and so forth. Surely atomic energy 
would be dealt with in such a course, but on a level which 
satisfies the curiosity of such students, explains theory suffi- 
ciently for them to understand newspaper accounts, )Ct does 
not require them to write nuclear reactions and to under- 
stand fully the theor)' behind them. 

Is this phjsics? Or is it watered-down ph)sics? This leads 
us to the next myth which ailecu our thinking about the 
teaching of ph)$ic$. 

The myth of the "woteted-dewn course." Let us make 
short shrift of this. If >ou examine collegiate ph}sics 
courses, including those for graduate students, you will not 
find a single course (even the most adtanced) which was 
not “watered down”; watered down, tJiat is, from the exist- 
ing bod) of knowledge. Every teacher selects from the body 
of knowledge, and every course is necessarily "watered 
down” or "selected” to fit the student body. 

Surely it is no academic sin to fit one course to stu- 
dents who might be physicists or scientists (to modify a 
college course if need be), and also to fit a course to stu- 
dents who will not be ph}'sicists, by selecting materials 
which will help them solve the problems in physics which 
they will face as human beings. Or will one course do for 
both, a course suited to modem science and modem life? 

There is all the difference in the world between teach- 
ing ph)5ics as an end in itself and teaching it as a help in 
solving problems of living. The first helps the experts; the 
second helps both the experts and those who will cooper- 
ate with them. 


THE COURSE IN PHYSICS 283 



Th« myth of the physics teachers' strait jacket. Talks 
with many teachers indicate that they do i\'ant to intro- 
duce courses tvhich fit both the expert-to-be and the citiren- 
layman to-be: that is. they want to introduce courses to fit 
both special education and general education. However, 
they point out that courses of study set by state Boards of 
Education and the College Entrance Examinations are 
among many pressures which, they feel, restrict their flexi- 
bility. Little innovation seems present in textbooks which 
are quite similar Agreed, these factors do exist, but they 
need not exist forever. 

A firm and steady pressure by teachers will influence 
state coursM of study and examinations. Not everything m 
the textbook need be taught; the book is a basic refer- 
ence, not a strait jacket. Texts will change as the demand 
is felt Yet even the existing texts have a great deal of 
material from which intelligent selection can be made. 
Through the eHorts of many committees of both college 
and high school teachers, the large scale examinations such 
as the Regenu Examination in N'ev? York State and the 
College Entrance Examinations are already being modi- 
fied. All the restraining factors are man-made and will 
respond to a polite form of sincere rebellion in the interests 
of children (sec Physical Science Study Committee, p. 299). 

If you could visit simultaneously many classes in 
physics early in September, you would find nearly everyone 
undertaking the same senes of topics: measurement, then 
machines, and so on. It would seem that some ordained 
series of events goes on throughout the land. Yet the lime 
is coming when each course will be designed for the type 
of community in which the school is located, for the kind 
of lives the children will lead, and for the ingenuity of 
the teacher. 

Surely we can agree that physics is important to mod- 
em life and living. Likewise we can agree that children 
cannot be convinced of the importance of physics if they 
never come to the physics classroom. The conclusion seems 
obvious: revision of physics along two lines. One would 
result in physics being more attractive to the expert-to-be. 
The other would attract those who will Jive in a world cl 
experts and snake choices affecting their personal affairs. 

America today is a land of miWem} of autontobjlts, 
millions of homes, and millions of refrigerators: mechanical 
devices abound cm all sides, from can openers to cranes, 
from electric mixers to giant transformers. Yet. relatively 
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few in our population undentand why the brakes are 
called “h)drauHc brakes," and how they operate; why the 
claw hammer is constructed as it is; how a thermostat op- 
erates: what the ignition coil does in an automobile; how 
a fuse operates, and why it should not be replaced by a 
petin^; how an electric motor or gas (lame cools a refriger- 
ator; how the gas and electric meters should be read; and 
so on. These are part of physics. So are F = ma, E = me-, 
I - E/R. So are many other basic principles which hase 
helped make our present age the Age of Science and the 
Age of Satellites. 

Yet the percentage of high school students enrolled in 
ph)sics has declined oter the past fifty jears.* Will exam- 
ining the nature of physics courses and physics teaching in 
the country help us understand why this has occurred? 


The development of the course in physics 

The development of courses in physics in America parallels closely that 
of chemistry (Chapter 13). Physics, howeser, appeared earlier (as natural 
philosophy) than ^emiscry. because it ivas already established as a science 
(especially as Newtonian mechanics) when chemical facts, theories, and laws 
were fesv and poorly organized. 

The physics course offered one hundred years ago would not be unfamtUar 
to teachers and students today. Tlie organization of content into the broad 
subdivisions still in use was already established. Instruction was, how’eser, 
almost entirely by means of recitation, apparently intended ". . . to antici- 
pate all needs and questions of the reader so that he would never have to do 
any thinking on matters of physics.” * 

Then in the 1860s the establishment of the land-grant colleges placed an 
emphasis on the vocational aspects of science. At about the same time, and as 
part of the “social climate,” the influence of toicign practices in teaching 
physics and training specialists began to emphasize the desirability of inten- 
she laboratory instruction. Once a^in the influence of Harvard University 
weighed heavily: first, with the recognition in 1872 of mathematics and 
physics as an optional admission pre^am in place of the classics; and second, 
with the issuance in 1886 of The Descriptive List of 40 standard experiments 
which the applying student could offer for admission, and on which he was 
tested in the college laboratory.* 

* Although, of course, the total number of students uVing ph)sics has increased con- 
siderabl): and so has the percentage of the bi^ school age group. 

> Z. Smith and E. H. Hall, Teaching of Chemi^ry and Phytics, Longmans, Green, N. Y„ 
1881, p. 269. 

• For a list of these -10 experiments, most of whicb are still commonly performed, see 
S. Rosen, *'A History of the Fh}sics Laboratory in the American High School (to 1910)," 
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The immediate beneficial result, that of stabilizing the high school 
physics coune, was followed in the next decades by a curious swing of the 
pendulum. From an extreme textbook, catechetical basis, the physics course 
swung to an almost purely laboratory course, ignoring textbooks and recita 
tions But what happened in chemistry was also inevitable in physics. 

By 1910, the laboratory had not soKed the problems of physics teaching chiefly 
because both teachers and texts were of poor quality; passing examinations was 
the prime purpose of the work, and the laboratory work was not real— il was 
mainly quantitatise and abstract.’ 


The unsuitability of the course as it had “rigidified” was further high- 
lighted at the turn of the century by a changing high school population. 
Various professional committees began the re-examination of the aims and 
objectnes of physics, wiih its attendant content and methodology; a shift 
away from the laboratory course was under way by 1915. Recitation and dis- 
cussion periods reappeared, laboratory time decreased and demonstrations 
became customary. 

^Vhat is the picture with respect to physics courses today? * 


Physics instruction in the high schools continues to be intended principally for 
the college bound student wnh an interest In Kience. ... 

1 Courses in physics are offered more in the 12ih than in the Hth grade, 
k. ihe mathematics associated wnli the coUeee preparatory course is often a 
prerequisite or coincident study. ® < r r 

3. Boys enrolled outnumber girls by more than 2 to 1 

" P" •■“'i'™ ■“ 

ihTnn;ri7.hl of studenu taking physta has not changed significantly 

through the [recent] years although the percentage ts smaller than in earlier yean. 

.h- textbook ol physics in use one hundred years ago included 

the following topics of study: 


matter and its properties 
gravity 

the laws of motion 
the mechanical powers 
regulators of motion (pendulum, gov- 
ernor) 
hydrostatics 
the steam engine 
optics 


electricity 
voluic electricity 
magnetism 
electromagnetism 
telegraphy 

the electrotype process 
magnetoelectricity 
thermoelectricity 
astronomy 


S. 22, IW. 1»4 of (be historical sidelights are drawi 


School Pnnapali *19^'^ Physia," KaUonal Aisocialion of Secon 


this 

that 
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T>\51E 14>l "IV/iof's wrong with high sthool physics/' 1923 and 1947 


192J • 

The content of the modern physia course 
is not objectionable in itself, but is too bulky 
and needs to be tut dciv.n. 

The high!) abstract and theoretical, the 
incidental and insignificant— u'/iatei-er «* en- 
tirtly foreign lo the pupiW present purposes, 
present knowledge, and daily experience, and 
cannot be connected up tvilh them through 
significant problems in whose answers they 
can be vitally interested— should be dropped 

There must be a change in emphasis that 
«ill result in paring most allenljon lo (he 
"big dynamic things" in phrsics and lo those 
facts and minor principles uhich are exempli- 
fied in the students' ohh localit), and srhich 
are therefore significant because they raise 
questions in uhose answers the students can 

Minor and special principles must be justi- 
fied btfose the pupils are required to leans 
them . . In other uords, definitions, ptin* 
ciplei. and generalitaiions are justified by 
leading up to them inductireli through con- 
crete problems that arise out of the pupib’ 
previous knowledge and their spirit of wonder 
or intellectual eutioshy 

• C. R. Tw ivi. rrtneiOier of Science Teaching, 

Msemillan. N. 1.. 1^3. pp 325-26 


fWt 

The number of topics or uniu caught dur- 
ing the jcar must be reduced. For jears, 
physics teacbers base been bewailing the 
steady increase in the amount of material in 
their courses. New material is often added, 
little b ever dropped. It is time to realite 
that it is far better to leave out whole sec- 
tions . . . than to teach so much poorly. 

The course should be otganired largely or 
entirely about problems. This principle sug- 
gests a method of work rather than roaterial 
to be taught. Class activities— demonstrations, 
experiments, discussion— as well as student ac- 
tivities outside the classroom are carried on 
to order lo obtain answers to certain larger 
questions which have been accepted by the 
class as defining worthwhile problems. . . . 
Physics teaching at the high school IcicI 
should brgely reject the college preparatory 
function and stress the contributions of 
physics VO live general education of American 
youth. 


I Sational Society for the Study o( Eduea- 
tion. Forty Sixth Yearbook, Part I, Seieiiee 
Education in dmenean Schools, U. of Chi- 
ago Press. Chingo. I9i7. pp. 2I0.]|. 


have since appeared, tviihout dropping much from this list. The telephone, 
radio, television, jet propulsion, photoelectricity, the "expanding universe,” 
atomic energy, space satcIlites~to name only a few— have added to physics 
enough content to provide at least a whole semester’s work in themselves. 
Physics has experienced the typical growth of a coune in the science curricu- 
lum, with more having been added than removed. Tliis process has been 
going on lor many yean, and people have been aware ol it. ^able l-l-l shows 
comments on the situation made in 1923 and 1917. Can you distinguish one 
from the other?) Yet the pattern of physics teaching has remained essentially 
unchanged. 

Unfortunately, the sort of physics rounc proposetl by both Twiss (1923) 
and the NSSE (1917) requires a degree of teisun in both teaching and learn- 
ing which is not provided by syllabuses preoccupied with facts— particularly 
facts whose recall will be the major pan of examinations to come. 

Here, as in the teaching of chemistty. we encounter a major dilemma. 
Teachers are advised, and sometimes agree, that science courses should be 
taught inductively around problems significam to the students. Yet former 
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experience, texts, tests, and "pressures" encourage a continuation of the tradi 
tionai, teacher-dominated, systematic course. 

The failure of the laboratory<entered course of the 1890's, in which the 
student was expected to operate entirely by induction, seems obvious. The 
student was supposed to re create the classical results of physics, in the same 
context in which the original discovery was made. But this was impossible. 
The student was not Boyle or Newton or Faraday. \\’hat is more, he could 
read what they had found; why, therefore, should he pretend to go through 
the same operations which had no significance to him? A clean distinction 
should be made betw’cen the eHort to have students practice induction and 
the context within which they were to practice this important process. The 
failure was not in the attempt to have inductive study, but in the formal, 
academic context within which it was to be practiced. This point is still 
significant in current discussions, as we shall see. 

Teachers currently approaching the apparent dilemma often take an 
easy approach: One pattern, the systematic review of past physics, is known 
to them; the other, based on student problems, is at best hazy and unknown, 
with many potential pitfalls. So course modification waits until someone 
else has pioneered the way. Such a reaction is undentandable. Yet the need 
for modification is intense. In the following discussion of present course 
patterns and possible bases for changes, there may be suggestions which will 
encourage evolutionary il not revolutionary changes in your courses. 


Pqtterns of present eoursea in physics 

The organization of content in physics courses has shown less change 
m the past one hundred years than in any other science course. The classical 
pattern remains in course* and textbooks: mechanio. heat, sound, light, and 
electricity. The past few year* have brought the addition of a sixth division: 
nuclear energy. ^VhlIe sucli organization may be defended on the ground 
that these areas are coherent, one is laced with the broader problem: How 
ooes such an or^mzation luuher the desirable aim of integrating the various 

vu ? T‘ !1 ^""Pan^cnulization often provides the 

student with five {or six) "subtourses” in physics. 


The fexfbook os o course autlme 

ago k’r'thc'l™ " retains much of the content of the text of one hundred years 
^ Inductive methods are prevalent ^ 


Emphasis is placed i 


• ., ...1,0 of the basic laws of physics. 

n Che unifying aspeett of physio; as. for example, the mani- 
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festation and transformation of energy— the oriiTentional units of mechanics, heat, 
etc.— are shown to be inienclaied and not “vratertight" compartments. Stress is 
placed on "things to do" to encourage teacher demonsuation and pupU experi- 
mentation.t 

These texts are, hotveter, far from perfect and have dratvn criticisms.' 

^Vhile the present-day textbook in physics is markedly superior to that 
current only thirty years ago, the organization, the scope of tlie course, tends 
to negate these desirable features. 

Rarely can the teacher of physics today coser the content of the entire text 
unless he goes back to the (questionable methods of previous yean ivhere the 
pupil IS expected to "leam" the material of the text in sequence for "quoting 
back" during the recitation. IVhere emphasis is placed on the deselopment of 
ideas, on the consequences and social impact of these ideas, on the methods of 
experimental saence and of the scientist, on learning through indisidual study 
and experimentation, less content will, in general, be cosered but the pupil gains 
confidence in his ability fox learning after fonnal education has ceased. The 
teacher under these conrfihorM makes selections as to content to be studied in- 
tenshely and prosides appropriate inierlinkagc between the "blocks" of intensive 
study.* 

The coflege>preparafor/ course 

As we have seen, the organization of high school physics courses today is 
still cast largely in the "collegepreparatory” or systematic mold. What was 
true in the case of chemistry is also true of physics; success in high school 
physics is an unreliable index of probable success in physics at college. The 
difference in breadth, depth, and intensity of college physics compared to the 
high school work is e\en greater than that between the courses in chemistry. 
A great many items in college work hase not e'en been touched on or sug- 
gested on the secondary let el. Angular momentum, rotational inertia. Kirch- 
holl’s lasrs, and the like are often totally new experiences to the entering 
freshman. Far mote significant and troublesome « the greater rtUance on 
mathematics in the presentation of the college course; many first-year courses 
imolve introduction of the calculus.'* 

It is unfortunate, therefore, that so much of the high school physics 
clings to a format and a purpose for which it is no longer suited. Not all of 
our physics students will go on to college, and of those who do, only a small 
p«ccniage will become specialists in physics.^' Yet the ''college-preparatory*’ 

t R. tv Ledcr, op. ett., p. 79. 

•C. \ Compton. "T he Scromhr) School Texlbool.."’ Am. /. /’/iji , 21, 5J7, I9'ij. tec alw 
AV. C. 'Michels, •^^lRh School Thysics— A Report ol the Joim Commitire on HiRh Schcxil 
Teaching Materials." PhMies Today, IP, 20. 1957. 

• R. \V. Leflcr. op. ctl.. p. 79, see also Fric Roger*. "The ‘Block and Cap' Scheme for 
Physics Courvei." A m J. Phyi., 17. 532, 1919. 

I. Hatch and D. I. Cope. “Itashback Teaching Technique Applied to * Btock-and Gan 
rhysici Course." Am. J. Phyt . 19. 137-45. 1931. 

I* See page 291. under section heading. "Change* in College Physics ~ 

II In a tiudv of physics in 370 California high tchooli. .McRary found that 70% of thene 
enroHed in phiria intended to enier college, while 17% anliripated a career In phivic*. W. I. 
ifcRaty, "Physic* Instruction in California High Sdiools,“Z’fi.T«n Today, 10, 25. 1957. 
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f 74-2 College-preparatory and college course* /n pf»ys7c* 


Hig/i schoal • 


CotUge f 


tneigy 


1 of entrjy 


1. Mcchania 

A Fortes in equili 
B. Forces and mor 
C Workai 
D Matliini 
E Optional maiemli 

1. Mwhinics of nuiiis 

2. Molecular forces 
3 More on machines 

II Heat 

A llcai.aforn 
B. Expansion 
C Measuiemen 

D. Change of state 

E. Heat and »otk. 

f. Optional materials 
I. Specific heal 

4. Mote on heal and uoik 
III. Transfer of energy !>> >iase moimn 
A. General characteristics of «a»e» 

D Sound 

C Eleeiromagneiie radiaoon 
D Visible light 
E. Optional materials 

1. Additional general topics 
8 Sound and music 

3. Optical deilccs 

4. Further material on tiston 

‘ iSSs'i'' &;'? '"s *’*>"" 

ment* S«ondar) Curricutum Deseloo 

'xA 


1. Metlianics 

A. Nature of ph>sia 
n Liquids at rest 
C Air prnsure 
n, Vector quantities 
F. Accelcratcxl motion 
F. Force and acceleration 
C. lone anil counlerforce 
II. Stance 

t. VVoik, energs. power 
J Rotation 
K, Cratiiailon 

U llasiicsiy 

31. Fluids at rest and in molioi 
II. Heal 

A. Temperature and rcpatuioii 

H. Nincnc theory 
C. Quantity of heat 
P Heat transfer 

£. Change of ataie 

I. Heat engines 
111. Sound 

A. Vihtatfon* 

« VVite* 

C. Voiind wasn 

D. Hearing 

E. Other lopici 


»'«* Kirkpatrick. 

Col/ege ixh ml . ilolt. .V V.. V953. 


^ubjec, i'u°?Lij ■’ 

doing even that very vtell. “ * ‘ “"d it apparently is not 

more to the *" ***’>’'" =“^dcd more and 

be the case, hotv can such fcL^^ K ^ adequately. If this 

(see Chapter 13. The Course in Ch^ *** »r>'icse the “extra things" of science 
by way of scientific attitudes and "1"^^ provide for understanding 

will pte,li,p„„ .h, fa.OTbl. opitome. which 

in general at some future date? ^ Pb>sics in p.articular and science 


Tabl ‘wvure oate.' ‘ 

Uab,„ ,„d ihe pl>>‘‘“ 

■" -bx b. .cbcci, „o. .pecu,, z 
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High school 


College 


A Stauc eicciridty 
B The elertric current 
C Magnetism 

D. Induced electromagnetic forte 
E Optional materials 

1 Chemical effeas of an electric cur- 
rent 

2 Terrestrial raagneliam 

3 Some applications of principles 
\’ Alternating current and electronics 

A Alternating current circuiw 

D. Vacuum tubes 

C. Radio 

D Teleiision 

E. Optional materials 

1. Other applications of elearonics 
2 Additional ^uaniiutiie norl on 
ac. 

3. Vacuum tubes 

i Other applications of electronics 

VI Nuclear energy 

A. Structure of the nucleus 
D Radioactiiiiy 

C. Fission 

D. Thermonuclear reactions 

E. reacetime uses of nuclear energy 

F. Optional matenab 

1. Other panicle accelerators 

2. Further nuclear theory 

3. Cosmic radiation 


IV. Electricity and magnetism 
A CurretiU and charges 

B. Fleroentary electrostatics 

C. Eiearottatic 6elds and generators 

D. Foiential and capacitance 

E. Magnetism 

F. More on magnetism 

C. Conductors and circuits 

H. CcKiduction of electricity by liquids 

I. Chemical and thermal sources of elec- 
iroraoliie force 

J. Heating effect* of currents 

K. Induced currents 

1- Generators and motor* 

M. Alternating current* 

S. Etcctton properties 
O. Electric o«dIUtion« and wares 

\’. Light 

A. Some properties of light 
B Reflection and refraction 
C Lense* and curled reflectors 

D. Visiem and it* aids 

E. Dispersion and spectra 

F. Oilfraciion 

C- Color and intrrference 
11. Polariaiion 

VI. Atonio 

A. A siiney of atom* 

B ReUtiiiiy 

C. VVatesand particles 

D. The outer atom 
C. Atomic nuclei 

F. Nuclear reanions 


learncti the fomiula for centrifugal force, the mciJiod of determining the spe- 
cific graiity of floating solid*. Lenz’s la"', ami so on; what now? What will he 
do iiith them in ten scan? How will they affect his future behavior? What 
will they contribute to his future understanding, vocation, anti so forth? 
Will he even perform belter in college physics. i( he takes il? H’lff he lake it? 

Chongei in college phyiics 

For several years conferences and committers have been working to 
redefine more carefully the purpose* of the introduciory college course in 
physics. major statement of rrsuU* has been published: •» 

I* R R. PjIoict (Qim ). "Impiosing ihc Qualuy ainl EfftciitcncM of IniriMliKtocs rbida 
Coursrv” RepoK of a Confoeticr Sporwosed In Che .AmriKan Awodaiioo of Phssxcx TradKsi. 
Cailnon roll per. Virt. .tn. }. thsi^ 2', ff- inVJ. 


rwt coutst iM mrsTCS J*i 



1. A Uiorough and rigorous eoserage of a limned number of topics is more 
efleciive than an encyclopedic and sho«y introduction to a ft icfc range of subject 
matter. 

2. It is probable that no course of less than six semester bours can present 
adequately the basic coneepU of physics at tlic introductory lescl. A list of sesen 
such concepts is gnen as the miniiiial set that sliould be cosered. 

3. Physics should be taught as a grafting subject and the student should be 
gnen illustrations of problems on present frontiers. 

4. Introductory physics courses should be asailable to freshmen. This may 
roaVe it necessary for the instructor to introduce mathematical ideas, sudi as those 
of the caleulus, in order iJiat the subject be dcs eloped niih the desired intellectual 
rigor. (Later, p 421, the observation is made that '•ininxluciion to the concepts of 
calculus does not imply mastery of its leckniques.") 

5 Senior and experienced stall membm sliould engage in the teaching of 
introductory physics courses, m the training of teaching assislanis, and in expen 
mentation directed at the impiosed teaclung of physics. 

RJESOLlmo^s OF rut confcxince 

1. ^V■e- hold that the goals outlined . are applicable not only to pre- 
engineering courses, but also to all physics courses, fthethcr for physicists and 
otiter itiesiftsM or for nonsriencists. inctinhng (hose taking integrated courses or 
general education science counes- 

2 We recommend that the A.\PT aciiveljf entourage experimentation sviih 
nonconseniional courses. . . . 

Let us uneover physio, not rover it. 

It svas the opinion of the conferenee that a satisfactory introductory physics 
courte could be constructed aiound the fotlosving seven basic principles and con- 
cepts and the material leading up to ihem: 

1. Conservation of momentum. 

2 Comersation of mass and energy. 

3 Conservation of charge. 

4. AVaves. 

$. Fields 

6 1 he molecular structure of matter. 

7. The structure of the atom. 

Furthermore, diese seven principles and concepts outline the minimum content 
fthich any introductory course roust encompass in order to provide a satisfactory 
treatment of present-day physics . . . 

yVhatever the content selected, ii should- 

1. Consist of sufficiently fev» topics so lliat each can be treated with iliorough- 
ness and intellectual rigor. 

2. Present both clasucal and modem physics as growing subjects, having 
present day frontiers in all areas. 

3. Contribute to an understanding and appreciation of the unity of physics. 

Three additional papers illustrate courses beliescil to meet these criteria in 
different types of institutions.” 

u Gerald HoJion, ‘'Sjllabus for the One-tear College Cbuise in Phssial Science" {ffar- 

\VaIlet C Michels, "OneVrar Introductory Course in a Liberal Arts College" (Br)" 
Mawr), .tm. J. Phyj., 25, SSO. 1957. 

R M. Whaley. "Three Semester InirodiKunv Course for Engineers and Science Majors" 

(Purdue), fm.J.Phys, 25,432.1957. 


INVENTIONS IN SCIENCE COURSES 



Science in our day Physical science holds a peculiar position in our culture. 
On the one hand through the applications of technology and industry it has 
deeply affected our eserjday life Since the last ssorld war and the opening of the 
atomic age. us impact on society hii increased enormously. It hat become a sita! 
clemcin of national defense, politics, and international relations. 

On the Ollier hand, science is not as widely appreciated and sought out as 
other cultural elements— iilte art. music, hmoiy, literature— despite the undeniable 
interest that it arouses in nonscientists. All are familiar ssiih the artistic and lit- 
erary visions of nature Few realize that (liere is also a scientific vision, a special 
wav of feeling and interpreting nature 

The scientific interpretation of nature is not private property of science and 
scientists: it is part of the intellectual wealth of mankind. To partake of it and to 
derive full pleasure from it. some effort is necessary, as it is for the enjoyment of 
art, poetry, and music. Many who are not going to be poets, p.iinters. or musici-mv 
spend lime to train ilieir ears and eyes, to learn terms, to understand techniques 
and metliods Few make an equivalent effott to gain appreciation of science. 

To the responsible ciiiien a sound scicntihe background would also be of 
practical value. An increasing number of issues are affected by Kience. The r^ 
sponsible citizen of our days must be able to judge technological and scientific 
questions as he judges political questions, by broad lines, even iJiough he docs not 
understand the details. To do this, he mutt have a background, a Irame of refer- 
ence in which to fit what he heats and learns. 


The eeienlifie language. Perhaps the most important single bar to easy under 
standing betvveen scientists and nonscieniisis is the fact that science has developesl 
its own language, and some of this language Ins not yet been assimilated into 
common mage. .\ll human aciiviiies have developed special terminologies to sitn 
phfy the description of facts, methods, and processes Even the art of cooking has 
created a terminology, for the interpretation of which m.vny eisokbooks have 
special glossaries. Navigation has aeated a richer terminology than cooling, and 
special nautical dictionaties were conipileil Pans ol these terminologies slowly 
enter common usage and jointly form our common language, others remain con 
fined in the special fields. 

Science has not only created a terminology to describe its obscnaiions. but 
has also developed a language corresponding to a way of thinking. The scientific 
language is usually more precise and rigorous than common language; it uses 
abstractions with which most people are not familiar: it borrows formulas and 
notations from mathematics. It is molded on a special attitude of the mind, and, 
therefore, it docs not easily lend itself to prease translation. Tlius, popularizations 
of science ate useful to arouse imercji and to diuwraie achievements, but they 
usually fail to convey the spirit of science; in the process of translation science 
becomes adulterated. For the hill enjoyment of science at least some of the scien 
tific language must be learned, and the n 
it is high school 


it appropriate place ii 
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ginning of that decade and some twelve million l»y the middle of it, as against 
about seven million in 1954-1955. 

The number of qualified high school teachers has not been increasing in the 
same proportion. The demand loi teachm is already greater than the supply and 
is growing fast This shortage is particularly acute in the case of science teachers: 
industries and government projects recruit more and more scientists so that fewer 
are left for less remunerative jobs. A paradoxical situation has ensued: as the 
impact of science on society is being more and more felt, and the demand for 
scientists is growing, the supply ol teachers to prepare them is diminishing. 

The third factor of the science situation in hi^ schools is the syllabus. Several 
surveys were recently tahen by educational groups all over the country. A special 
survey of physics textbooks was carried out by the American Institute of Physics, 
the American Association of Physics Teachers, and the National Science Teachers 
Association. Many of the texts were also examined by the Physical Science Study 
Committee, dll lun/eys reached the conclusion that high school physics courses 
present loo much malenal, and choose that material univisely.'^ 

The amount of accumulated physical knowledge has grown rapidly, but the 
time available for teadiing it in high school has remained the same. The attempt 
to continue to survey the entire field of physics in a one-year course has resulted 
m a loss of depth and coherence. Since the course cannot illustrate the develop- 
ment of ideas lor shortage ol lime, it is filled only mth results of physics and laws 
to be learned by rote or through mathematical formulas. It becomes hard to un- 
derstand and of limited interest. To enliven it, technological applications are 
often added and thus the bulk of material to be learned is further increased. The 
tendency to dress up science with the applications of its developments may stress 
ICS practical value, but further dims its cultural aspect. It fails to show science as 
a human activity, as the product of human thought. All the results surveyed in 
physics were obtained through the mental process of human beings; all the laws 
expressed by dry words and mathematical symbols were arrived at by men who 
possessed in high degree such human attributes as vivid imagination, power of 
abstraction and synthesis, perseverance, and patience. All this is now lost in a high 
Khool course 

Individual teachers vs ho might like to improve the physics course are usually 
prevented from doing so by the existing conditions Science teachers are usually 
overloaded vsiih work: they must not only teach, but also plan, set up, and dis- 
mantle classroom demonstrations: take care of laboratory equipment; counsel 
students; talk with parents; attend many kinds of meetings, and often sponsor 
science clubs and special science aaivities such as lairs, e.xhibits, etc. If they wish 
to keep up vsith science and further their own studies, they must do so in the 
summer, renouncing summer employment, which they usually need to supplement 
inadequate salaries. Great load, low salary, and poor status in the community all 
contribute to general dissatisfaction. If, despite these conditions, teachers find time 
and energy to plan new teaching procedures, they usually meet with adminis- 
trators’ resistance to innovations and with lack of funds for purchasing the neces- 
sary materials. At the same time, textbooks arc generally based on the traditional 
pattern of a physics course, and books deviating from this pattern are not likely 
to be accepted by either publishers or sdtool systems. Thus the traditional pattern 
becomes more and more firmly esublishcd. 

Nature of the procram 

Tlie Committee proposes to prepare a program shovs-ing physics as an intel- 
lectual activity. The new physics course will not be aimed specifically at preparing 
Students for college physio, nor does the Committee expect that all high school 
■ ‘These italics are added. 
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students will take it At present about one-quarter of them lake physical science 
and the new course will address itself to the same fraclion.^’ From this group come 
most of our lawscn businessmen, statesmen, aixl other professionals who will not 
lake science m college The Coinimttec hopes that the new course will buUd a 
sound scientific background in this section of the population; that the resulting 
greater interest in science and better teaching mcthocls will encourage more chil 
dren to take saence m high Khooland more >oung people ssith scientific aptitudes 
to elect soence as their career. 

The Committee gate carefid consideration to the possible wa)^ of striking a 
balance between two needs, the need of restricting the material taught in the 
course to allow time for illustrating the scientific method and the role of science 
in our culture: and the need of giting to a student a sufficiently unified, compr^ 
hensiie, and wide view of the whole field of pliysics, to satisfy hit broader interest. 
To ohiain this balance, the Commiiiee will prepare a course and supplement it 
witli a senes of monographs 

The course will present a reduced amount of material, and wilt not treat it 
all in the same way Some scientific deielopments csi>eciall) lend ihemsehes to 
illustrate die eiolution of ideas, the inicrTeiaiion of \aiious fields of human 
actniiies, the scope of plijsical science. Tliese will be explored deeply, slowly, and 
thoroughly The field of optics and waves and that of mechanics have been chosen 
lor this kind of treatment. Other pans vvill require broader coverage: lluis the role 
of atoms in the physical world will be iilusiraied in many examples throughout 
the course. Other paru will be only surveyed. In order to stress the unity of physics 
and the coherence of physical ideas, the course will be focussed toward a unified 
picture of nature, the atomic picture. Thus ihe student vull learn not only the 
physics of the past, but also the physics which is being evolved by men of our 
generation: which is affecting his present and his future: which is still an open 
field whose many paths leading lo the unknown he may elect to follow. 

The monographs will supplement and extend ihe course in awakening and 
lacisEying the students' interest in pliysics and rtlaicd subjecu. Certain material 
that IS traditionally taught is omitted from ihe textbook or offered in reduced 
depth or detail; the monographs will make it available to those students who seek 
it Beyond this, they will cover historical and biographical material, certain ad 
vanced topics tliat may appeal to the brighter student, technological applications, 
"how to-do-it" subjects, and accounts of especially stimulating periods in the his- 
tory of science. Each Vvill be written by a qualified person, in his ovvn style and 
according to his own vievrs; the student can thus become acquainted with a wide 
range of viewpoints and approaches .Miogether, the monographs will constitute 
a siiable library of low-cost, paper bound books from which a student may bor 
row, or volumes of which be may buy for himself. 

Tools of the program. In the preparation of the tools to implement the 
course, the committee is guided by two sets of considerations: 

1. The most effective way of teaching physics is to use several methods and 
media concurrently Some paru of physics, like historical evolution of ideas, 
mathematical deductions, etc., can best be learned if read over and over. The 
significance of physical phenomena, on the other hand, will best be understood 
if the phenomena are seen over and over again. And die experimental method 
can be mastered both by seeing how demonstrations are prepared and car 
tied out on film and in the classroom, and by actual experimentation in the 
laboratory, 

2. Students must leam physics not only through the formal teaching, boi 
^50 by doing physics. Teachers must encourage and lead students lo work 

i* These mhes are added. 
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independently, to make their own observations, and to push foiwaid the 
irontiers o[ their knosstedge. Students must listen and see in the classroom, do 
and advance in the laboratory and at home. Teacliers and students must col- 
laborate. In order to obtain the best results from this collaboration, there must 
be a carefully planned division and correlation of work between teacher and 
studenL Experiments to be done by students must stimulate their interest and 
challenge their ingenuity. Thus experiments must not be too specialired, not 
so hard as to discourage students, and jet not so easy as to become routine work. 

Among the materials which ll»e Commiuee is preparing for both teachers and 
students are a detailed syllabus and a textbook, films and filmstrips, manuals for 
teacliers and for studenis. suggestions and equipment for classroom demonstrations 
and laboratory work, kits for students; questions for tests and exams, for use both 
in the course and for college entrance examinations; placards, etc. All this material 
will aim at die same goal: to show physics as a product of human minds in the 
pursuit of truth, an activity whicl) has evolved through the centuries and is still 
evolving and which has created a philosophical structure and a particular way of 
thinking. 

There is no need to explain these materiab in detail, and a few words will be 
said about a few of diem only. 

The films. Approximately one-fifth of classroom time will be given over to 
films. These films will be an essential part of the teaching learning process. They 
are not intended to provide entenaiittoent. or to make physics more “palatable.” 
They will serve as follows. 

1. To call attention to phenomena of common occurrence, but usually not 
seen because they are not obviously tebted to known causes. An example of 
such a phenomenon is the interference color m an oil film on water. 

2. To show unusual natural phenomena: an eclipse cannot be shosvn at 
will, but the movie can be made readily available. 

S. To present demonstrations which require special apparatus and tech- 
niques and cannot be performed m high scliool laboratories, or which require 
more time for setting up than the teacher has available. 

4. To show details of experiments through close ups and slow motion. 

5. To make it possible to show these phenomena and experiments over and 
over again. 

6. To supplement graplis and illustrations through the use of animation. 

The manuals. The radical change m the philosophy and methods of teaching 

physics in high school will place a burden on teachers. They must acquaint them- 
selves with a new point of view and master new techniques and materials. To this 
end. the Committee will prepare a manual which will illustrate the aims of the 
new course in detail and explain the reasons for the pedagogic choices; point out 
ways in which the aims of the course may be achieved, offer suggestions for further 
examples and work not included in the text; give technical instructions on the 
use of certain teaching aids like films and demonstration materials. The new ap- 
proach to teaching will give rise to a number of questions from students for vvhi^ 
leathers may not be prepared; the manuals will therefore provide a list of likely 
questions and ways to answer chem. 

The manual for students will indude bask questions meant to lead them to 
constructive thinking: supplements to the films, which will integrate the subject of 
each film in the course; workbooks and test books. 

Kits lor students. It is hoped that many students will want to work on their 
own and experiment in various fields of physics. The Committee will make avail- 
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jbk a certain number ol Viu at tew eosu containing materiah and in&u^iio'n 
for building simple mstrumenu and guidance for their use. There wul be, lor 
example, an optical kit with lenses, prisms, tubes, supports, color charts, etc.; me 
student "ill be able to build telesropes. cameras, etc., and use them to make hn 
observations 

Exams. Any change in a hi^ school course must be reflected in the exatw 
tlut die student mil be asked to take, and especially in the college entrance 
exarmnalion The Committee is taking steps, and making good progress, la 
achieve complete coordination between college entrance tests and the new pro 
gram of high school physics, 

Frocedures. In the vvorking out of tVii» program, the active toliaboraiion of 
die educational profession is being used. Educators and high school teachers are 
heavily represented on the Committee, and science teachers in limited numbers 
have been teauued for luU time work Some preliminary material is now being 
circulated among working teachers for comment, and procedures have been estab 
lished for continued development of the oincepts of the Committee inside the 
classroom A preliminary edition of lie textbook is being used in a limited number 
of classrooms during die academic year 1937-1958, an increasing amount of new 
laboratory material is betng prepared and will be available. 

The Committee feels that the widest possible dissemination of m work is 
necessary it it is to profit from the experience and the skills of the teaching pro- 
teision, atvd the scietvtiftc communiiy. Consequently, it intends to make available, 
upon request, details of its activities in the various phases of its program Progress 
reports on the program as a vvhole will be published at regular intervals, and will 
provoke, it is hoped, coimnenis and suggestions 
Specific, objectives [or the peocium) 

In leaching the physical sciences certauv objectives must be kept in mind, and 
ihe subject matter must be organised so as to bring ihem into evidence. They are' 

1. The unity of physieal uience Physical science aims at interpreting the 
world around us It cannot be divided into many independent fields because the 
phenomena It covers are inierrelaied This can be seen by the fact that certain 
laws, like the conservation of energy, apply lo a very large range of phenomena. 

2. Coverage. A course which does not give a fairly wide picture of the role of 
atoms in the physical world is essentially incomplete. Broad coverage on atoms 
and their use in examples is therefore desired throughout the course. 

In order to show the coherence and power of physical ideas, certain narrower 
fields must be explored deeply, slowly, and thoroughly. The two fields of opii« 
and waves, and of mechanics are chosen tor this kind ol intensixe Utatment. 

3 flegulariliet. The observaiion of regularities In physical phenomena is 
necessary before laws covering the phenomena or models underivine them can 
be csublished. 

4. Many independent argumenU for one law. In establishing physical laws 
many independent arguments should be used to help show the solidity with which 
the taws are loundtd. 

5 Models. Models are often useful to put a possible explanatory background 
behind observed phenomena. They often suggest relations between phenomena 
•which tan then be investigated 

6. Deduction of phenomena from laws From laws established to correlate one 
set of phenomena or more, we can deduce many other physical conclusions M'e 
should make many deductions from the laws to show their power and scope. Even 
the simplest physical law, such as the law of refraction, can be extended from a 
few cases to many more complex cases. 
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7. Limitations of lams. 0\er the range of phenomena and within the range 
of accurao' for which they are established, our physical laws are not subject to 
future modification. The range of validity of a law may indeed extend beyond 
the phenomena on which it was originally based, but the applicability of laws is 
usually limited. 

8. .Veu' models include the old. New models and more refined laws are occa 
sionallv established to extend the range of applicability to include ness' phenomena. 
An old model may thus be superseded by a more refined one, but sve wish to stress 
that the new model includes the old. 

9 Controversy. Controversy played an important role in the evolution of 
science. Examples of famous controversies and their significance in relation to 
their times w ill make it possible to tie science with history. In this respect one may 
point out that ideas and interpretations that have been discarded are still consid 
ered ■‘scientific." The Ptolemaic model of the universe had its role and its use in 
the development of the Copemican model. 

TE-VTATIVT: OVTli-XE OF THE COURSE 

The first day of the meeting various groups presented outlines, parts of out 
lines, or views on preparing oulhnes Their approaches proved to be different 
more in appearance than m essence. TTie morning of the third day an outline 
was wotVed out at the meeting and fully accepted by ic 

It vsas agreed that physia would be more meaningful to the student and its 
unity would be stressed if the presentation of ibc subject matter were focussed 
tovvard one goat, and that this goal ought to be the atomic picture of the univene. 
This does not preclude specific goab Cor single parts: the Newtonian picture of the 
universe can still be taken as die goal of mechanics. The atomic picture will show 
physics as an open field of knovviedge, where much has still to be done, rather than 
as a dosed disdpline.t^ 

I The untverse and other things 111. Meehanies 

Sizes and numbers Inertia 

Structure of universe ft * miv 

Atomic structure of matter Mass: force: kinetic energy; conse^ 

■Molecular inicrpretauon ot vaiion laws 

chemistry Gravitation from planetary motion 

Size and numbers of atoms Kinetic theory of gases 

II. Light waves Coulomb’s law: f e eE; F = evy( B 

Rectilinear propagation Induction on moving conduaors 

Reflection IV. Aloms 

Refracuon Discreteness 

Corpuscular and wave models Electron charge 

Mechanical waves Nuclear model of atoms 

Interference Size, charge, mass of nucleus 

Measurement of wave length 

In this order the emphasis moves naturally bom the kinematic toward the 
dynamic description ol phenomena. 

The appli’ec/ physics course 

For the nonacademically minded (the science shy), or for those whose 
high school education is terminal, or for those going on to college but with no 
further interest in science, physics certainly has value in its major develop- 

vt The extreme teniaiiveness of ihu outline is lo be stressed. It is being res ised daily. 
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TABLE 14-3 An applied physies course 


I Elecincu) Much of the work of eveiy 
day life is performed In elecirtcity 
A lamihat uses ul (Iciiniil) 

B Sjletv piocedures and devices 
C Home appliances 
D Circuits used in home wiring 
E Ccnciaiioii and supply ol eleciric 


][ The automobile An appliralion of 
physics that has vastly increased mans 
inobilitv 

A Pails of (he aiilomoiiile 
n The engine 
C The fuel system 


r Cooling system 
G Posser flow 
IT Control devices 
I Safe driving 
J Care of (he car 

IM Engines: Miih which man docs his 
heavy work, and which make sapid 
transportation possible, make use of 
the principles of applied physio 
A Types of engines 
B. The gasoline engine 
C Diesel engine 

D. Jet engines 

E. The rocket 

r The steam turbine 
O The steam engine 
H, Advantages and disadvantages 
• New York City syllabus In applied physics 


IV llobhies Science gives us greater un 
deistanding and enjoyment of the hob- 
bies with which we occupy our leisure 

A ICoii music is produced 

B riie phonograph 

C Tajie. sure, and Elm recording 

I) The camera 

r. nirkroom lechnicpics 

k tlome mosies 

r. Model making and operation 

II Amateur science 

\ Ciiergs. I iving has licen made easier by 
harnessing the world s energy supply w 
do OUT work. 

A. How work is done 

B. Power driven machines 
C Types of energy 

O. Availability of energy and the stand 
ard of living 

F. Iteselopmenl and use of the worlds 
ciieigy supply 

VI. Aioiiuc energy: Science ha* succeeded 
in releasing ihe energy of the atom 
vviih Us tremendous possibiliiiei fot 
peace and (or war. 

A Origin of atomic energy 
B. The atomic nucleus 
C Proslucilon of nuclear energy 
D. T>>« chain reaction 
t. I’earciime iiiei of nuclear energy 
F. Picdilemi of international control 


ment as general education. Vet the regimen of the typical college-preparatory 
course has not made physics '>1313116" for such students. 

An eiTort to provide for such students has come in the introduction of 
courses in applied physics Here, the emphasis is placed, not on the theory or 
concepts behind various phenomena, but on their applications. Mathematia 
IS minimized. One need not be able to state rascal's principle in order to 
appreciate the operation of the hydraulic press or brake: neither is an un- 
derstanding of the mathematical statement of the principle essential to the 
student One need not know liov* to calculate efficiency in onier to observe the 
benefits of a pulley. To know the mathematics of image formation in a plane 
mirror is not required in order to appreciate the properties of that image. 
The course in physics abounds in topics whose “teeth can be drawn" so that 
the student can learn to appreciate the values of the subject matter and to see 
why others might desire and use mathematical formulations for more precise 
predictions. 
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VII. The airplane: .^ppt!e^^ phjjics has 
opened up ihe air as a highka> of 
commerce. 

A. Tarts of the airplane 

B. Mow the wing provides lift 

C How ihrmi is ohulned 

D. Supersonic airplanes 
E Controls 

F. Safety in the air and at the airport 
VIll Flecironics: Discoveries in the field of 
electronia have pven us radio, lele- 
vision, and other communication de- 
vices. 

A. Essentials of the radio receiver 
B Tuning 

C The vacuum tube as amplifier 

D. The speaker 

E. AM and FM 

F. The television set 

G. The picture tube 
If. Radar 

IN. Temperature Applied ph>>ic» has 
given us devices for contrellmg tem- 
perature in the home and in industry. 
A. Refrigeration 

D Cooking and heating processes 
C Tlierniometr) 

D. Industrial temperatures 

E. The electric refrigerator 

F. The electric furnace 
G >VeIding 

H. Fuels 

I. Air condliioning 


\. tlralth: .Science has given the phjsician 
tools with vvhich to diagnose and fight 
disease and to improve health. 

,\. Doctor's diagnostic tools 
n. Clinical thermometer 

C. Stethoscope 

D. Fleclrocardiograph 

E. Sphigmomanometcr 

F. X-ray 

C. ^llcroscopc 
II Radiation therapy 

I. FvegJaises 

XI, Hearing: Science hat enabled man to 
apply she piindplrt of sound to im- 
prove hit range of hearing 

A. Factors alfecting hearing 

II. Improvement of hearing 

C. Improvement of audibility 
1). Acousiia 

F. Sound recording 
F. High fidelity 

0. Cltrasonio and its applications 

XII. Vision: Physical derices widen the 
nnge of information and enjoyment 
that we receive through our vision. 

A faciois alTrciing sight 

D. Operation of the eye 
C Tv|>es dI eyeglasses 
1> 1 lie oniera 

E Projectors 
F. Motion pictuiei 
C Stroboscope 
II Telescope 

1. Color and ihe spectrum 


One danger exists in the construction of such courses. If they arc made 
by taking a college-preparatory syllabus and selecting the topics we teachers 
believe will be of value to the student, we are very likely to construct a syl- 
labus which is a fair replica of the original (replete with technical vocabulary) 
which will defeat the purpose of the course.'* A course in applied physics 
should instead be built from the ground up, with the student as the focus, and 
it should be coupled with a view to the needs and interests of the students. 
Wiat might be a suitable set of problems in a big city might be quite un- 
realistic in a farming or mining community; what might be suitable for a sea- 
coast town might be unsuited to an inland community. Tlie outline (see 
Table 14-3) of one course in applied physics allows us to examine the sub- 
topics: these give the flavor of the word “applied” in the course. Compare this 
with the college-preparatory course in Table 14-2. 

isVVe are reminded of a teacher in sudi a conne who said he taught "applied physics” 
VMbetv the prlnripal came to visit, but otherwise he Uu^t "physics." 
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Summary 

We can illustrate at least fi\e kinds of biology courses (see Chapter 12). 
and innumerable courses in general Mitnre (see Chapter 15). and scseral 
(.o.irscs in cheniisirs (see Chapter 13). .ilihough the majorit) arc similar to the 
so called collefjc puparatory coursc-s ^ci ssc can find few variants from the 
socalled rollec;e preparatory course in physics. Changes are. houeser. in the 
uind, I'/: , the uork of the l*h\sical Science Study Committee. 


Frames for developing a course in physics 

As ue base indicated, iluie arc as many ways of designing a coiine as 
there are of skinning the proxerbial cal. although ue probably use our m 
gcmiity in skinning a cat at least as often as uc use it in soiling this problem 
of education That pattern lolloivcd bv tbc (caclier in Ids student days is not 
necessarily the best evpericnfe. and tl certainly is not the final experience. 

1 here are. as in the other courses s'c base discussed, xarioiis frames of refer- 
ence svhich help in designing one's own course. 

Coneepfuol schemes os o frame of reference 

Physics has a flasor nhich arises out of the concepts and principles uhich 
are peculiar to it alone. Thus: 

A body immened in a fluid suffers an apparent loss in weight ecpial to 
the weight of the fluid displaced. 

Pressure applied to a» enclosed fluid is transmitted unchanged in all 
directions. 

At constant temperature, the lolunie of a gas sarics imcnely with iu 
pressure. 

Tor Cl cry force there is a “rcaeiion" force, etjiial in magnitude and oppo- 
site in direction. 

Heat may be (partially) cometted into useful uork by proj>erly designed 
machines. 

When a magnetic field is cut by a wire, an electromotive force is in- 
duced in the wire. 

An electric current in a wire ronsisu of motion of electrons. 

Tlte sum total of mailer and energy in the universe is constant. 

Light, X rays, ultraviolet, radio waves, etc., can be consulercil to be elec- 
tromagnetic radiations which travel in transverse waves and do not require a 
medium of transmission. 

But all these may be summarired briefly. If biology places emphasis on life 
processes and the conceptual scheme of continuous organic change, while 
chemistry highlights the structure and changes of substances, then the keynote 
of physics is energy. It is therefore possible to subjugate all of the foregoing 


aOl INVENTIONS IN SCIENCE COURSES 



(and many other) statements into one broad conceptual scheme: "Within tlte 
uniserse the total quantity of matter and of energy is constant: under extreme 
conditions matter and energy can be observed as interchangeable.” This tvouhl 
of course be subditided into other concepts and principles (t\hich svould in 
turn be subdivided). Thus: 

1. The physical properties of matter, e.g., inertia, gravitation, etc. 

2. .Atomic structure 

3. The concept of energy 

a. The forms of energy 

b. Translating energy into scorL. 

c. ^^atter as froren energy— £ = me* 

Such a scheme provides a common ilenominator for any and all aspects 
studied. Rather than a study of light, heat, and sound as separate and distinct 
topics, we have an organization whidi studies them together, thus emphasizing 
both their similarities and their dilTcrenccs. The claim will be made that 
this is also done m the traditional course of study where these are studied 
separately and their features then brought together, generally in the form of a 
tabic, but, in this treatment usually the "uil wags the dog.” It often amounts 
to nothing more than a compilation of facu with the unifying concept never 
seen or comprehended. 

Boyle’s law would not now be a particular manifestation of gases; rather. 
It would bear relation to the kinetic enei^y of molecules. Friction in a ma- 
chine and resistance in a wire would now be comprehensible in terms of 
degradation of energy. These conceptual scltemes enable the teaclier to cut 
across the relatively rigid structure of physics and treat it as a whole.'* 


Topics os a frame of reference 

Select a syllabus (or textbook) in physics at random. Unlike general science 
or biology, more like chemistry, its organization is highly predictable (see 
Table 14-2). There will be five topics or "blocks," one each on medianics, heat, 
light, sound, and electricity. To these has often been added in recent years 
a sixth, on nuclear energy. These wdl be subdivided further into logical sec- 
tions: the "logic” is of the formal, afier-thediscovery type. Thus, the broad 
field of mechanics will start with an introductory portion on the properties 
of matter of interest in physics, and will be followed by material on the 
metric system, laws of motion, mechanics of gases and liquids, work, energy, 
power, and machines. Thai of eJcctridly will be divided into magnetism and 
static electricity in one part, and "current electricity" in the other. Later 
treatments have amplified the treatment of alternating currents as applied in 
radio and television. 

Such an arrangement may be detrimental to the teaching of physics, in 
three ways. First, it divides the subiect in such a way that the student is often 

i» See Ihe recommendations of the Phvsical Science Study Commiilee, pp. 297-98 as a guide. 
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it has severe limitations. A topical plan does not indicate the intent of the 
instruction. Neither does it indicate in detail the content. A topic such as 
“heat’’ or “levers" does not specifically inform another teacher what ideas will 
be included, what context will be employed, how detailed the treatment will 
be, or where and how this topic rvill touch the lives of the students. The fact 
that most physics teachers will get a fairly clear idea of what is implied by 
topics like “levers” and “heat" is evidence of the standardization of the course 
that is taught irrespective of the audience. 

Probfems as a frame of reference 

^Vhatever means we use to leach physics will necessarily result in the 
accumulation of a store of facts and principles. But what they will mean to 
the student, how well they will be understood, what values they will have later 
will depend not on a recall of the facts or principles as such, but on the way 
in which the student has been led to them and ihe v'ariety of contexts in which 
he recognizes them as applicable. Consider the following cases. 

A student is called to the demonstration table to use a claw hammer in 
removing a four-inch nail which has been driven deeply into a block of wood. 
He soon discoven that the removal becomes more difficult as the nail is with- 
drawn. He himself is aware of two questions. Why does this happen? What can 
be done to make removal of the nail easier? 

Or a small model of a fish is placed at the bottom of an aquarium tank 
filled with water, and the student, in imitation of a spearfisher, is asked to 
push a slender glass rod through the water to strike the fish, working from a 
number of angles. He misses repeatedly, except from straight overhead. 

Or a 20-ampere fuse has just "blown” and you have only 15-ampere fuses 
for replacement. Can they be used? 

These situations will bring into play a host of the facts and principles 
that are the domain of physics. But they will have arisen out of a problem; 
they will have originated not in artificial questions propounded to initiate the 
study of a predetermined topic, but in an honesi io-goodness situation which 
may have confronted, or will confront, the student in his life. Now we involve 
the interest of the student and increase his effort to understand. And to answer 
these questions, he must utilize known facts and principles or discover them 
by further questions and experiments. The inductive method comes into play, 
and with it, understanding, appreciations, and attitudes. Emphasis on dealing 
with teal problems helps in coivcepl attaining, even if it is just “problem doing” 
(see p. 27). Problems can be used in many ways: 

1. Problems can be used to develop interest in a topic. There is the prob- 
lem of the spearfisher stabbing for “fish." Snell’s law applies, but the students 
discover it (or themselves, or see its meaning. 

2. Problems may serve to apply facts and principles. If students who 
have previously, possibly in general science, learned the facts and principles 
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of the le;er are conlromed by the hammer and nail experiment, the teacher 
und the students) tull then knowtshether they base understood the principles 
or simph memouied the •'facts” ^NTiere there is understanding, there is 
preciation of tlie practical sigraficance of the knowledge and tshere it is 
applicable. f 

3. Problems may sene to test understanding. A beaker two-thirds luH oi 
water and a 200 gm metal weight are counterpoised on a scale. If the weight 
IS placed m the beaker so that ii is fully submerged, will the weight increase, 
decrease, or remain the same- Or copper and tungsten tvires of the same di- 
mensions are connected, first >n senes and then in parallel. If 110 tolls is now- 
applied to each combination, which wire will be heated to melting first’ 

4. Problems may be used to stimulate individual study and research 
Many new problems appear as the student show's curiosity regarding the his- 
tory of scientific deselopmenis. How was the size of a molecule first determined 
How can the wa\e length of \isibtc light be measured’ Does Boyle’s law hase 
any practical \alue’ The problem situation then has \alue in terms of needs 
and interests. 

5. Problems may be used to develop a point of view. U’hose point of view? 
The student’s of course: and in helping the student develop a position, the 
teacher may diange his. For instance, some lopia cannot be demonstrated. 
But a film may be used to raise the tremendously pertinent question of the 
use of the physicist's great contribution: atomic energy. By allowing full but 
informed discussion, the teacher helps the student build a point of view.’^ 


Needs and inferests os a frame of reference 

That materiil which w«U be of greatest tnierest and value to students will 
(1) help the student the better to understand his own behavior; (2) help to ex- 
plain, through reference to larger underlying principles, the common phenomena 
and devices of his own environment. Material that does not meet these criteria 
becomes of luspea value and may be considered for deletion « 

Apply these criteria to such topics as the laws of capillarity, images in a 
concave mirror, Lena’s law, the formula for centrifugal force, and the relation 
among image distance, object distance, and local length in a lens (as usually 
presented), and these topics arc found vsanting. 

On the other hand, a course built around the automobile will introduce 
the elements of hydraulics, mechanics, and electricitv in a manner that arouses 
interest and satisfies needs. This idea has often been suggested in the statements 
of a syllabus, but the matter has rested there. Occasional reference is made to 
the automobile (or other theme of interest), after vshich the work reduces to 
the usual treatment of the areas mentioned. To be effective the central theme 
must remain central; all of the areas must be integrated around it. 


- 1 A list of films is aiailsblc in the accompany in*' ' 
.t Soiijcebook for thf Phyucal Seifnra. ” 

MNSSE. forty Sixth }earboek,op. nt ,p 210. 
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College teachers base often introduced novel and interest-holding central 
themes. For example, at Brooklyn College, Peach** designed an introductory 
course around a model railroad, which ran on the table at varying speeds, 
pulled loads, turned corners, puSed smoke into a "wind,” etc. 

No two courses based on needs and interests should be alike, because this 
t)pe of course should be fitted to the group being taught. It should be capable 
of change “at a moment’s notice.” A course of this t)pe based on the needs and 
interests of students in a rural community is presented in the "Excursion” at 
the end of the chapter. 

What are some of the typical studies in physics that may be stimulated by 
needs and interests^ Is there a phott^rapher in the class? Challenge him to 
take an actual photograph with a pinhole camera. His results will reap a wealth 
of information regarding optics applied to the camera, but he will have ac- 
cumulated this out of genuine interest. Are there musicians in the class, or a 
school band or orchestra? Have students sound an A on the violin, clarinet, 
trumpet, etc.; the meaning of the quality of sound will become clear. But 
there also arises a stimulus toward finding out why the qualities differ. Is 
there a radio "ham” in the class? Put him to work demonstrating the action 
of various stages of a set, etc. While these activities may arise initially out of 
the needs or interests of a single (or a few) $tudent(s), they accrue to the benefit 
of the class as a whole. Latent interests appear, for the adolescent is interested 
in the undertakings of other adotescenu. What they report or demonstrate will 
receive more earnest attention than the same material presented by the teacher, 
Questions from the class will reveal the limits of clear knowledge and stimulate 
further study. 

Hfsforico/ opprooc/i cs a frame cf reference 

Some teachers prefer the historical approach. Even here the student can 
be stimulated to think reflectively. For instance, note how Galileo’s discoveries 
may be used as a resource. 

Ask a student what he can say about an object dropped from a height. 
He knows (from experience) that the longer it falls, the faster it will fall. Now 
ask him how he would measure the changing speed, but here, lake him back 
to 1600. There is no high speed photography, no electrical timing device, etc. 
Now, how would he do it? And so the student is confronted with the same 
problem that faced Galileo. A wealth of appreciation results when the student 
learns how Galileo employed an inclined plane to study the phenomenon in 
"slow motion,’’ as well as the realization of a subtle point; the fact that an 
object descending on an inclined plane is also a falling body. 

Or consider the pendulum. Very definitely, the formula represents cold, 
hard fact, but how was it discovered? Start with Galileo, kneeling in a cathe- 
dral, attracted by the slow swing of a chandelier overhead. How long does it 

S3H. Peach, ''Complete Phvsics Course Through Model Trains," Am. ]. Phys., 20, 314, 
1952. 
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take for one swing' How » he to measure it? Here the student gets an appre 
nation of sdentifc ingenuity as he too times the swing of a pendulum with 
his pulse beat After the expenment has been refined with a stop watch, what 
Ollier aspects might be studied? And here the student suggests the weight of the 
bob, the length of the pendulum, the nature of its materials, etc. It is not long 
before the reletant facts m the motion of a pendulum are discovered by the 
students, a study of the data is assigned for homework with a view to ascer- 
taining any regularity (law) involved. This approach has made the student 
the center of attention by identifying him with Galileo, whose intellectual 
footsteps he has been led to retrace There will be not just a recall of facts 
and principles stated in a book or by the teacher, but a deeper understanding 
augmented by appreciations, alliiu^. realiiation of method.** 


Special considerations in teaching physics 


The flavor of the course 


By virtue of its accent on energy, physics has one point of similarity with 
chemistry. None of the properties which fall into its domain can be ascertained 
until something is done to, or wiih, an object. Physics and chemistry are based 
on acthe verbs. The property of inertia is not evident until we start (or stop) a 
car; expansion and contraction are meaningless until the temperature changes; 
the refractive index of a piece of glass is not apparent until light passes through 
it, the rectifjing properties of selenium or cuprous oxide cannot be realized 
until an alternating current is applied to it. 

But there is an additional feature of physics on which all students will 
agree-its ideas are subtle. We expect the heavy object to fall faster than the 
light; but it doesn't. We learn that light is transmitted by a wave motion: 
but it it can pass through a vacuum, what is it that “waves”? AVe learn that a 
body submerged in water apparently loses weight, and we expect it to lose 
more weight on being submerged further; but it doesn’t. We pull on the 
window pole or push on the lawn mower with a single force; yet this can now 
be divided into fu'o forces. Ice water ought to cool tea and coffee as fast as ice 
does (it has the same temperature), yet it doesn't. And so on, ad infinitum. It 
is this subtlety in the facts, concepts, and principles of physics that may account 
for the impression on the pan of many students (and unfortunately somi- 
teachers) that physics is a "hard" subject. But the answer should be positive, 
not negative. The methodology of physics leaching should be challenged to 
make this feature an asset, not an obstacle in the work. Problems which the 
children state will be attacked with enthusiasm by the “classroom detectives.” 

Projecu that flavor the physics course differ from those in other sciences: 


< A good example of how this approadi can be applied 
kill be found in an unu'ual lexibooL on the college level: L 
tnce, Houghton MiRim, Boston. 1942. 
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The use of oil films in determining the size of molecules. 
Experiments with Newton's rings. 

Construction of wind tunnels and air-stream speed indicators. 
Construction and use of a stroboscope to study motion. 

Crystal, tube, and transistor radios. 

Photocell experiments and solar batteries. 

Construction and calibration of thermocouples. 

Resonance among coupled pendulums. 

Construction of a device to show a free fall of 4 feet in ^ second. 
A homemade Prony brake for horseposver measurements. 
Perpetual motion machine models. 

Center of gravity experiments. 


The place of laboratory work in physics 

The kinship between chemistry and physics also extends to their problems; 
for everything that presents a problem to the teacher of chemistry (Chapter 
13) also poses a problem to the teacher of physics. Thus, sve have to choose 
our own blend of individual laboratory work and demonstration to help in 
concept attainment.*’ 

^Viihout going through the argument (p. 276) again, it is abundantly clear 
that both the laboratory experiment and the classroom demonstration have 
a central place in the high school science program. They present firsthand 
evidence. A considerable body of research has failed to reveal that either teach- 
ing technique is so inferior to the other as to justify abandoning it. Each has 
its utility, but for different purposes. In cases where the laboratory lesson ap- 
peared fruitless, one might suspect that laboratory inefiectiveness is not due 
to inherent weakness in this form of pedagt^, but to unimaginative, unin- 
spired, and generally unsound patterns of laboratory procedures which should 
be re-examined and reconstructed in terms of the changing character of sec- 
ondary school science education.** 

Apparently no sizable study of the effectiveness of laboratory svork in 
secondary school physics (like that of Horton in chemistry) has been made. 
College teachers have, however, been seriously concerned about the "payoff” 
on laboratory work in physics, which requires much instructional time, space, 
and money. Kruglak with others has carried through a series of investigations 
attempting to isolate, through both performance tests and paper-and-pencil 
tests, some evidence of what is learned in laboratory work.” Thus far the study 

29 Five articles on laboratory work in general appear in the Xalional Associaliort of 
Secondary-School Principals Bulletin, 37, 191 , Jan. 1 % 3 , beginning on p. 96. 

2* For an interesting account of tiow one ihoiightfiil phvsia teacher gradually changed 
his approach to laboratory work, see R. W. Lefler, "The Teaching of Laboratory VV’ork in 
High School Physics." School Science and hfathematks, 47. 531, 1917. 

22 H. Kruglak and others have written a number of articles lumming up the indications 
of the results of these investigations. Tliw senes on evaluation of laboratory work appeared, 
over a period of five years, in the American Journal of Wiysics as follows: 19, 223 and 546 
1931; 20. 136. 1952.2/. 14, 1953; 22,442 and 452. 1954 ; 23, 82 and 257. 1955. See also H. Kruglak. 
"Some Behavior Objectives tor Laboratory Instruction," ,4i». /. Phys., 19, 223, 1931. 
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number choose to do a sixth experiment, esen though it cannot be counted 
toirard their grade and comes at the incontenient time when semester exami- 
nations are being held. 

Such science laborator)’ work stimulates a high order of learning by doing, 
consistent sviih modem educational psychology. But there is another problem 
svhich flavors the teaching of physics, even more than it does chemistry. This 
is the abundance of mathematics. 


The p/ace of mafhemaiics in physics 

Mathematics, like laboratory experimentation, also offers difficulty in 
physics, but not for reasons of expenditure or administrative schedules. The 
mathematical side of physics is often a stumbling block even to intelligent 
students. 


It might be supposed . . . that the values of science instruction vshich are 
our primary concern m general education might be conveyed more successfully 
vsithout these elements [direct observation, experiment, and mathematical reason- 
ing]. Whii this nouon fails to appreciate, however, is that direct observation and 
precision are among the most important values and basic ideas that science shoiJd 
contribute to genei^ education. 

What might be conveyed without them Is not only not science, but m a very 
real sense antisaentifvc. It comes perilously dose in spirit to the scholastiasm with 
which modern saence broke at its very inception, h possesses the typical scholastic 
reliance upon verbal auchoncy— in ihu case the authority of the writer of sdenufic 
texts-it has the same predominantly deductive logiol structure, and the same 
preoccupation with vcords rather than with the objects and processes which they 
only imperfectly symbolize. The thought that an understanding of sdence might 
be conveyed as well or better without direa observation, experiment, and mathe- 
matical reasoning involves a fundamental misapprehension of the natvire of 
sdence.*v 

“Very vvell," one might say, "but the fact remains that students in physics 
cannot handle the necessary maibematio or in some cases are afraid of it. 
^\’hal shall we do then?” 

Many sdence teachers complain that their pupils have not been adequately 
prepared by the mathematics teachers. In the opinion of numerous educators, the 
ma^ematics teachers have just as much reason to say that the sdence teachers 
have not prepared their pupils properly . . . The transfer of the mathematical 
concepts taught on a symbolic basis in the mathematics classroom, to the sodal 
and scientihe applications is left to the pupil. Unless a definite effort is made to 
assist him in applying maihematio to science, be will continue to tail to solve 
equations and formulas which arise in the sdence classroom even when he has 
had httle trouble iit stAirng the same basic problems in the leguhr rsathemaths 
classroom.** 

What is the teacher of physics to do about this situation? Mathematics 
remains a language; we speak in numbers and equations as well as words. 

*i Cmcraf Eduronon in a Trte Socttlj, Harvard U. Press. Cambridge. 1<46. p. 13J. 

•*A. I Hall. "Relations Between Science and Maihemaues in ihe Secondary School," 
.VafI dsin. Sec. Sch. Prins. Bull., Jan. 1933. pp. 93, W. 


THE COUSSE IN PHYSICS Sit 



What has been forgotten by those who use mathematics as a tool is that a 
“foreign" language must be translated. Certainly the competent teacher of 
mathematics teaches his pupils the applications of their work in other fields, 
but he too IS subject to the same rigors of a syllabus and schedule uhich are 
the lot of the physics teachers. Regardless of his efforts, the pupil coming to 
physics meets the mathematics in n new eonlext. The teacher of physia svill 
find It useless to claim that the students ha>c been poorly prepared; they are 
captive in his class. He may, of course, fad these students, but this is hardly 
an answer. It remains instead his opponuniiy, even his obligation, to teach 
those mathematical concepts which are fundamental to success in physics. 
For example: From teacher dcmonsitaiion, the class has gathered data for 
Boyle’s law. What do they show* A graph of the data trill retcal a possible 
relation between pressure and volume. When this is checked further, the 
familiar relation will be discotered. In our experience, students have often 
found this to be the first time when actual data obtained from experiment has 
been graphed, The graph comes alKc. Students will often indicate that this is 
the fust time they have understood a graph and understootl the meaning of 
"inversely proportional." The student docs not come "ready made.” W'e must 
assist him in off phases of our particular course, whether It be matbematics, 
English, or habits in general. 'Ilie behavioral objectives of education remain 
with us (p. 86). 

For a mathematical description of she world to have any significance to 
the student, the critical aspect Is she search for meaning. The course must be 
taught with some questions always foremost: What goes on here? ^\^^at pattern 
can I find? What can I predict and how well? In more elegant terms, the stu- 
dent must be searching for a function, a clean, concise description of a rela- 
tionship among the aspects of the problem selected as probably ImportanL 
Initially this will always be a ijualitatii'e description: .\s the pressure rises, a 
gas gets squashed or compressed. Then follows the nicer question: By how- 
much? This second question stinmiaies a desire for quantitative information 
and perhaps a mathematical relationship, or "going-togetherness." Such a 
numerical or algebraic descrspiion is needed lo permit predictions of "how 
much." Not all children will wish to go that far with each question, but they 
should see how the mathematical descriptions are desired and evolved, and 
why they are so useful. 

From this analysis several conclusions appear. First, the student must be 
interested in the phenomenon; he must want to know something about it, 
qualitatively or quantitatively. Therefore, the initial context in which the 
problem arises must be significant to the pupil. Secondly, the qualitative 
analysis of "what sort of relaiionship do we have?” must always precede the 
quantitative. If no pattern seems present among observations of temperature, 
pressure, and volume of a gas, there will seem to be no point to looking for 3 
quantitative result. This point is often overlooked by hurried teachers. Thirdly, 
with interest, a qualitative relationship in mind, and data, time must be allowed 
for the student to uncover a mathematical description and to lest it. Time 
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will also be needed for the comparison of \arious results, for not all students 
will achieve the same answer. ^V'hich is better? ^\Tiat are the criteria of "better- 
ness”? Does it satisfy more closely the existing data? Does it predict more 
exactly conditions later confirmed by expoiments? 

To many teachers a procedure such as this seems painfully slosv. Since the 
ansAver (lasv, etc.) is known, why not tell it to them and get on to something 
else? Such a process, all too commonly used, leases the student out of the crea- 
tive acthity. He may remember for a time, but he has not identified with the 
study; it is not his. Often he does not care or real!) understand; forgetting is 
rapid. The approach sve base outlined is at first very slow; the student is be- 
ginning a Avhole new art in scientific work. But as he practices this approach, 
he sees his oavti pattern of learning and can apply it w-ith increasing quickness 
to later problems. He is “learning hosv to leam.“ 

By a search for functions, sve mean the type of insight and logic svhich 
Faraday used in his monumental im'estigaiions. Lacking in formal education, 
Faraday used little or no algebra in describing his results. Yet he searched for 
the essential attributes (qualities) within the phenomena and found those svhich 
svent together and in what kinds of patterns. James Clerk Maxwell, who ap- 
plied mathematics to many of Faraday’s results, said; 

As I proceeded with the study o( Faraday. 1 percebed that bis method of 
conceding phenomena was also a maihenaiical one, though not exhibited in the 
conventional Conn of mathematical symbols.** 

This provides the physics teacher, in fact all science teachers, with a critical 
distinction. Students can be encouraged to think functionally, even mathemati- 
cally, without necessarily involving mathematical symbols. Many will push on 
to that more abstract formulation, but others can have the “feel" of how a 
scientist works without the algebra.** 

An excursion, lengthier than usuof, 
in developing one's own course in physics 

14-1. In a workshop we encountered a teacher of physics who determined to 
try the device described for cliemistry (p. 280). He tried it for two yean, and it 
worked. 

He found he could deal with the mathematical portions of physics in class; 
his students could read the descriptive portions. In class, therefore, he dealt 
mainly with topics such as optics, nuclear physics, mechanics, wave theory, and 
electricity. Students read by themselves, mainly about simple machines, meas- 
UTtment, heat, applications of phyxics (toasters to pulleys). He added this 
modification: he reviewed briefly all materials read before developing any 
principle with mathematical background. 

a«k Maxvell. Elrctncitj end Magntlism, 3rd evL. 2 vol?.. Dover Publicalions. 

N. I95t. 

For exetnplarv malerial, ^ou mighi wish to peruse .M. Farsdav, liesnrches in Eleclrictly, 
tverjman's Library,’ No 576. N. V., I9H. and I. Nesrton. Optia. Dover Publications, N. 

1952. The papers of B. Frankbn on cleatidt) are also similar. 
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He found he hud time to teach in the leisureJy fashion svliich good teach- 
ing demanded He could go into the higliways and b)svajs; he could deal with 
the methods of scientists, the class had the lime to deselop major concepts and 
conceptual schemes, the class had lime to deselop its needs and interests. 

T4-2. \not!ier te.ichcr of physics tried a dcsicc which we have seen operating 
in three Midwestern schools. 

This teacher gate his class a standard worUwoV. He suggested this method 
of stud) each student m the class could do each '■exercise” at his own speed. 
The class would use several texibooLs («chool and college) for reference. A 
schedule was decided upon, e.ich student could either go ahead at his own 
speed and do the exercises one after the other, or if he w ere ahead of schedule, 
he could stop after a certain blocL (say, machines) and do a project of his choice. 

Students would talc cxaminaiiomon text and lab s»orl. at scheduled limes. 

The class was giten the opportunity to discuss the adsantages or disadvan- 
tages of this method. It was atlopicil. Is it surprising that this class did as well in 
Its examinations as did other classes that selected the comcnlional method? 


14-3. At the end of the spring term. 193", Trofessor liars ey White of the Uni* 
seniiy of California completed IG2 TV lessons of a whole course in physics. 
Professor ^^■hite taught the lessons in a TV-teaching "cxjicrjment'' In the Pitts- 
burgh schools; his lessons were also filmed in color and in blach and white. 
Now we are not suggesting that this course replace you, the teacher (although 
some hate seriously suggestctl that these films be iistd where there is no teacher 
of physics). We suggest that this provides one of the few times that teachers 
have the opportunity to observe another teacher at work. It the funds are 
available, it would be worth while purchasing or renting the films.*’ They 
would furnish excellent material in a critical seminar on objectives, philosoph)- 
and teaching method in physics. Also excellent demonstrations are presented. 

14-4. There ate fiiriher deviations from the standard counc. The following 
suggestion** is applied to a "course” suitable lor rural schools. Note, however, 
that the generalizations have the same drift as in a “standard” course. It I* 1“ 
the dci’icM used to illustrate the principles tliai the coune dilTers. 


Here a finn lighting plant might be sclmed as a familnr and useful ap- 
plication of principles ol physia worthy of study. It would be treated as a 
complicated device for the comcrUon of stored energy into forms useful in daily 
life The gasoline engine would be treated as a device for converting the stored 
energy of chc gvsoirne into heat, and the heat into nicdianical energy for turning 
the electric generator. The generaior would be treated as a device for converting 
the mechanical energy inio clertikal energy The storage cells would be treated 
as devices for convening electrical energy into chemial energy and chemical 
energy into electrical energy. Various household and fam machines would be 
treated as machines for convening the elecuic-al energy taken from the power 


>» Available from Enqclopaeviu BriUnmca Tllnvi 
••R K Watkins (Comm Chm), A Program /or Snenre 
IViiriiooA, NSSE, U, of Chicago Press, Chicago, 1932. p 253. 
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plant or the storage cells into useful forms of energy. The electric lamp tiould be 
considered as a means of conserting electricity into heat and light, two other 
forms of energy; the electric iron as a means of con' citing electrical energy into 
heat. Friction in the machines, necessity for lubrication, and the heat des eloped in 
mo' ing parts of machines could be used as a means of building up the notion that 
energy is not lost or destroyed, but merely changed into other forms, some of 
which are not directly useful for the human purpose for which the machine was 
built. It would be possible to trace the energy stored in the gasoline back to the 
crude oil, the crude oil to prehistoric primitise organisms, and the stored chemical 
energy of these organisms to the radiant energy of the sun. Pupils might esentually 
see that radiant energy gi'en off from the electric lamp in the living room on a 
particular iMnter esening came from radiant enetgy released from the sun ages 
ago. Through such study pupils might be enabled to enlarge their understandings 
of such generalirations as the following: 

1. The sun is the chief source of energy for the earth. 

2. Energy may be dented from matter. 

3. Energy may be stored in chemical substances. 

4. Energy is not destroyed. 

5. Machines sen e the purpose of changing energy into its different forms. 

6 All matter is probably elecuical in nature. 

7. Chemical changes are accompanied by energy changes. 

8. Tlie "loss" of energy in machines is only apparent. These losses may be 
accounted for by energy iransfonnations which are not parts of the useful output 
of the machines. 

0 Electricity, heat, and light are forms of energy. 

10. Complicated machines may be reduced to a relatiiely /ew' simple types of 
machines. 

In urban situations a simitar treatment might be made of the local electric 
power supply. Certain extensions of the foregoing generalizations would be pos- 
sible with power supplied from coal and steam plants or water power and through 
the increased ramificatians of power supplies to modern transportation and 
industry. 

14*5. And as we might expect in the light of the history of development of 
courses, there should be and there is an attempt to develop a coune in physical 
Science (sec Chapter 16). This attempt is in the tradition of the development 
of biological science from botany and roology (sec Chapter 12). 

14-6. You may find it illuminating to compare the contents and organization 
of several current physics textbooks. How similar are they? 

14-7. In several physics textbooks, compare chapters on the same subject for 
the concepts included. Examine the technical vocabulary used in these liooks. 
Hove many of the words arc clearly defined? How many are necessary? 

14-8. For two units in the syllabus on applied physics (Table 11-3), list the 
major concepts that might be developed. To what extent vsould mathematical 
(algebraic) results be necessary? 

14-9. What are the lesser concepts contributing to one of the concepts from 
the list on p. 302? ^\'llat different cstpcrimemal problems (or demonstrations) 
could be uscil to vsork lovsaixl these concepts' 
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CHAPTER IS 


Inventions in science courses: 

The course in general science 


A note at the beginning; General science is, in a sense, the oldest of the sciences. 

Aristotle was a ''general scientist": so was Galileo. One could 
hardly call eitlier of them a chemist, a biologist, or a physi- 
cist General science is perhaps an unfortunate term; the 
adjective hardly indicates the purpose of the course. We do 
not say general phjsics, general chemistry, or general biol- 
ogy; we sliotiid, because these are very general treatments of 
the areas concerned, but we don't. 

When we say "general science," precisely what do we 
mean’ Teachers of science are inclined to agree about what 
"general science" in a curricular sense is not. It is not, for 
instance, biology, chemistry, physics, or physiography. It is 
not considered a "senior” science. Similarly, biology, chem- 
istry, and physics are not intended for the seventh, eighth, 
or ninth year; they arc not substitutes for general science. 
General science comes early In the child’s experience, but 
it is not elementary science. General science draws its sub- 
ject matter from all fields in science and thus enables the stu 
dent to see science whole and develop his selective interests. 

General science in grades 7, 8. and 9 (usually a required 
course) is perhaps the most important group of courses in 
the science curriculum. It is there that the student begins to 
sec science as a way of life- interesting, exciting, full of 
possibilities for personal accomplishment, fun, adventure, 
hard work, and high purpose. To hear science teachers re- 
flect on the fate of enrollments in physics or chemistry is 
saddening. Perhaps they fail to realize that the student's 
election of advanced counes is based upon his prior experi- 
ence in the subject area. 


Development of the course in general science 

General science is so recent in American education that we have decided to 
weave its historical development into the following section. 
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Patterns of present courses in general science 

There are teachers tvho think that curricular time is best spent in a special 
science not in a "general science.” howexer organized, because the xalues 
of science are best attained in concentrated study. There are, on the other hand, 
teadters who think that before an indh'idual studies any special science it is 
well for him to ha\ e a broad x icw of science, that curricular time in science is 
well spent when an "introductory science" is the threshold of the so-called 
special sciences. 

There are those xvho beliexe that this general science course should be 
exploratory and should stem from the child's questions and experiences. This 
"exploratory science” differs from “introductory' science,” esen though histori- 
cally it stems from it; the former drax^-s upon the student’s interests, xvhile the 
latter draxvs from chosen areas in the special sciences, xxhich are then dealt 
xvith In an introductory xx'ay. This distinction leads to courses distinctly dif- 
ferent in content, intent, and method. 

There are others xvho base their curriculum upon certain aspects of mod- 
ern psychology and find the needs and interests of the child a sufficiently 
valid source of objectixes for a course in general science. These teachers discard 
the concept of “introductory science." or exen "general science,” and propose 
that each year be a year dedicated to the groivth of the child. A year's growth 
is the objectixe, not a xear's general science. Tlius, such teachers use the “core" 
approach as a significant dcxicc for helping the pupil grow. 

Now which of this variety of curricular designs are most frequently found 
in the United States? 

Most school systems in the country have planned, or are planning, gen> 
eral science courses for the junior high school years: the sexenth, eighth, and 
ninth grades. In a groxving number of school systems science in these Junior 
high school years is an extension of an elementary science experience, grades 
I to G. Such elementary science experiences are mushrooming into existence 
and, if present trends continue, the next decade xvill sec a tremendous groxvth 
in elementary science. This xxill result in xvide changes in current seventh-, 
eighth-, and ninth grade science cwniculums. nirougfxout the country ilxere 
arc also "spots" of general science offerings in the tenth, elcvcmh, and txvclfih 
grades. These are at present experimental, or are attempts at meeting the needs 
of the "sloxv" learner. They are, however, too tentative to provide any relevant 
conclusions at this time. There are also attempts to meet the "needs” of the 
rapid learner by "Jianding down" a blolq^ course from the tenth grade; we 
will discuss this more fully later. 

The elements of curriculum design evident in the seventh, eighth, and 
ninth grades seem to be these: 

There is an attempt to produce an ascending development of concepts 
through the seventh, eighth, and ninth grades. For instance, if health is taught 
in general science (and it usually b), tlien it will be included in every grade. 
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but the topics will be arranged in an ascending development of fundamental 
concepts at the seventh, eighth, and ninth grades. The enrichment at each 
grade level is such that increasingly complex development is evident. In the 
seventh grade, food patterns may be stressed, the germ nature of disease 
barely developed, and chemical treatment of disease (antibiotics, hormones) 
merely mentioned. In the eighth grade, food patterns may be reviewed, the 
germ nature of disease developed m greater detail, and the chemical treat- 
ment of disease developed. In the ninth grade there may be a tendency to 
review food patterns and germ diseases in detail and to extend the chemical 
treatment of disease, in short, an omnibus, even detailed, treatment. The 
pupil who has had three years of saence will have been exposed to con- 
ceptualization m the field ol health in an ascending spiral. 

Similar treatments will be found in the areas of communication and 
transportation, weather and housing, the nature of chemical change (the 
atom), the study of the earth’s neighbors, food making in plants, conservation, 
and more recently, heredity. 

Although this approach is widely used, it suffers from several potential 
difficulties tJiat can be seen operating in some schools, I. Too many different 
topics or areas may be taken up briefly each year with the result that the 
course is always thin and hurried. There may not be enough time for any 
topic to be examined and pondered adequately. 2. In the second and third 
years too much time may be given to reconsidering what was supposedly 
learned in the previous years. One of the oldest psychological laws relating to 
recall describes the strong relation between lorgeiting and the erasing effect 
of subsequent learning.' W'uli too many topics each year the details of each 
are erased by those chat follow. Small wonder that children do not seem 
to have learned much in previous years when we operate courses in a way 
which encourages forgetting. 5. Furihermore, the obvious repetition of topics, 
unless couched m really novel contexts, may give the pupils the impression 
that they "have had all this before.” i. Finally, such an approach is based on 
formal scientific principles and can easily fail to involve the interests and 
lives of the learners. 

All alternative approach being used in some schools involves the same 
general units, but treats each extensively and only once. Only four or five 
topics are considered each year. These provide a solid basis to which later 
reference and comparison can be made. One year may center on man in his 
biological environment, liie next on man in his physical environment, and 
the third on man’s efforts to use this environment for his own purposes. Such 
a design permiis a more leisurely approach to each topic, more time tor 
projects, and more unified learning. 

The course of study in general sdence in the ninth grade falls generally 
into four arbitrary groups or types. 

1 See, for example, L, J. Cionbach. Eduealionat l^thologj,, Harcourt. Brace, N. Y., 1954, 
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The survey course 

The earliest and now practically nonexistent tjpe of general science is 
the suney course, one term of biology and one temi of pinsical science. The 
course outline may reflect the whim of the instructor; it is generally intro- 
ductoiy to the special sciences which follow, especially when the latter are 
heavily larded with the traditional college-preparatory subject matter. It is 
systematic science: chemistry, physics, biology are represented as such. In fact, 
one such course is divided into units of these sciences (see Table 15-1). 

The environmenf-cenlerec/ course 

In the evolution of the general science course toward meeting the inter- 
ests of the variety of students who began to come into the secondary school 
in the period from 1900-1930, attempts were made to include materials which 
had relevance for all. This second type may be called the "environment- 
centered" course, since its major aim seems to be to give the pupil an under- 
standing of his environment. Typical units are listed in Table 15-2. 

In the environment-centered course we have one of the first significant 
attempts in science to build a course around a penasive aim— understanding 
one's environment— rather than around subject matter sequences. 


The onderstandlng-fhe-modern-worW course 

As teachen began to accumulate experience with the environment- 
centered course, modern concepts of psychology began to permeate educational 
practice. The notion of science as a u-ay of life began increasingly to gain 


TABIf 15-1 A survey course in general science 


I. Diotosy 

III. rhvsio 

A. Clanificailon of living things 

A. Work 

B. The siruaure of living things 

B. Ttrerg) 

11. Chrmiviry 

IV Earth Science 

A. Mailer, atoms, and molecules 

Elemenlf of astronomy 

B. Common chemical reactions 

D Elemrnu ot geoiogv 

TABLE 15-2 An enviranmenf-centered course In generof science 

I. Air 

V. Oor living toes and friends 

It. Water 

A. Cerm and invect enemies 

B. Frieivdly amphibians, birds, and mammab 


Ck Conservation 

IV. Sunlight 

VI. The solar tvvlem 

A. lood mating 

B. The energy cvcie 

VII. Tiansportaiion and commimicaiion 

A. Stan's conqursl over space and lime 


It. Catoliite engirte, molor. telephone, alrpUne 
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ascendancy over the idea of science as a body of subject matter. As a result, 
teachers began to lean coward courses of study which dealt more with the 
problems of living. Science, they agreed, should help youngsters live a better 
life not only by helping them understand the environment, but also by deal 
ing with the way man modifies the envu-onment to his own purposes. More- 
over, the future of the pupil as a citizen, upon vvhom science had an increas- 
ing impact, came more and more into consideraijon. ^Vhat were the science 
problems which citirens had to solve' How were they to solve them? These 
were questions which appeared to be at the base of what might be called an 
attempt at understanding man and his science in a modern world. 

In this type of course, teachers are not willing to be restricted to a s\l 
labus which defines the course from the beginning of the year and ends in a 
uniform examination Rather they look for resource units, different ones for 
different communities. Subject matter knowledge of itself is not the end, 
It is subject matter whicli has significance for the community as well as for 
the world A comparison of resource units for such courses (Table 15-3) with 
the units for environment-centered courses (Table 15 2) clarifies this difference 
in intent. These units may not be given m any set order: indeed, examination 
of courses of study and textbooks based on the approach to man’s concepu 
of the modem world shows no definitive order. In general, however, units 
(I through VI) in the course of Table 15-3 are introduced earlier than those 
following. It must be emphasized that tlie teaclier ol this type of course shows 
great flexibility not only in his choice of units, but also in his use of sequence 
within individual classes. 

TABIE li«3 Genera) science as an aid In understondlng fhe motfern werW 


1 Time and space 

A Man ‘1 understanding of hit universe 
11. Man ai a resource 

A Man t way of learning 
B. Mans use of the methods of taence 
In Biological produclion 

A. Food supply 

B Reproduction ol farm plants and 
C Conservaiion 

1\’. Predicting weather 
A. Ram raakmg 
B Housing 
V Reproduction • 

A. Plants 
B Lower animals 


' This is sometimes part of III. 


VI. Human behaviort 

A. Habit fomiation 
B Learning 

MI Harvesting atoms 

B. Splitting the atom 

C. Atomic energy 
VIII Increasing the life span 

A. Man’s use of mutation 

B. Preventing of germ and physiologi- 
cal dise.vses 

C. Increasing the life span 
IX. Doing the world’s work 

A Work, energy, horsepower 
B Machines and engines 
X Wire and v\ iretess 
XI Industrial processes 
XII. Kew materials 
1 1111$ may be a part of II. 
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Jt ^vouId be impossible for anj one teacher to deal svith all these units 
and their different emphases in one jear, one period a day. Hence, there is a 
choice and a dhersity of the curriculum oser the three jears. Although a 
basic text is chosen, it follows that there is a sdde use of supplementary texts, 
library materials, reports, and many other sources. 

Generaf science in ihe core program 

As an increasing number of studies began to emphasise the “deselop- 
mental tasks’* of youngsters, as educational philosophers gate increased at- 
tention to the needs and interests of youngsters, schools began to accept the 
notion that they were, indeed, in the main stream of life and living. Conse- 
quently. the general science course began to have its goals based upon the 
personal goals of young people viho veerc in the business of growing and 
adjusting to each other and to society. Tlte problems of young people in our 
society— problems involved in job-getting; coming to terms veith their bodies; 
getting independence from their parents, learning to get along with their 
age mates of different sexes, different races, and different ailtures; developing 
a world view; developing toward psychological and economic security— and 
the solution of these problems, insofar as the general science course lent 
itself to such solution, became the reason for existence of the course. 

It seemed clear that science alone could not solve these problems, or even 
a tithe of them. Thus evolved the "core program," a block of curricular time 
(three to four periods a day) of which the youngsters’ needs and interests 
became the center. Students' problems and the information needed to solve 
them became, in a sense, the resource uniu. This type of course in which 
general science plays a part might be titled. "Science as an Aid in Meeting a 
Child's Needs and Interests." 

Instead of discrete units such as those mentioned in the environment- 
centered or the science-in ihe-raodern-world course, the units of the child- 
centered coune might be derived from a major problem of adjustment, e.g., 
"Understanding Ourselves." In such a course, subject matter recognisable as 
science, civics, English, art, music, and mathematics is used to solve a prob 
lem of living. For instance, "Why do we behave as we do?" is a problem which 
may be part of such a course; all areas— civics. English, science (psychology 
and physiology)— enter into the solution of the problem. The teacher is not 
a science teacher, but first and foremost a teacher. 

In a core program, teaching method involves planning with the pupils 
to choose the kinds of activities of the course. Committees of pupils may 
arrange the sequence of topics. The teacher is a guide, a chairman at times; 
always he is there to afford opportunities for youngsters to grow in their 
relationships to themselves and society. The organiraiion of the subject mat- 
ter is not, by any means, neglected. 

Several cautions need to be noted. In our experience, such a course does 
not mean less subject matter; it may actually mean more. It may also mean 
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different subject matter for different groups of students in the class. But the 
pupils share experience, as well as information, with each other through 
reports, projects, exhibits, discussions, and various means of interchange. 

The teacher does not abdicate in such a course. His role is to obtain 
maximum learning horn each pupil in a setting which imolves the pupils 
interests and presides him enough time for intense, broad study and compre- 
hension. Not only does he iumish an environment free from threats and free 
for gross th, but he looks at the needs of each pupil, and the requirements of 
the community and adult life as frames of reference. 


Summary 

The present status of course design in general science is roughly as fol- 
losss. Four types of courses exist: (1) sursey, (2) environment-centered, (3) un- 
derstandmg-thc-modern-Asorld, and (4) the child centered core program. Of 
these types 2 and 3 arc the most common, with type 3 gaining rapidly 
Courses of types 1 and 4 arc scarcer, with type 1 practically nonexistent. That 
there are relatively few adoptions of type 4 steins in part from a lack of 
teachers with sufRciently wide training and widi the emotional commitment 
to teach children rather than snbjecu. In part this lack also stems from the 
paucity of school administrators, teachers, and patents willing to examine 
thoughtfully their responsibilities to children rather than to academic arti- 
facts. 

The development of courses in general science has followed a sequence 
like this: 

1900 General science as a body of subject matter 

1920 General science as an aid to understanding the environment 

1930 General science as an aid to understanding the modem world 

1940 General science as an aid to meeting a child's needs and interests 

General science teaching, like all teaching, has profited from recent 
developments in the psychology of learning and from improvemenu in meth- 
ods and procedures within the classroom. The lecture is used rarely and 
the discussion method commonly. Projects, reports, and individual laboratory 
vvork are beginning to have a major place in general science. General science 
is being used as a guidance period; it is the place vshere teachers identify those 
who have "science potential” and give them special opportunities for devel- 
opment in their-subsequent high school carwrs; it is also the place where 
pupils with other abilities or handicaps are selected for special guidance 
(see Chapters 8 and 9). 

General science is getting to be the basic course in science because the 
majority of youngsters take it. Increasingly, teachers and administrators are 
accepting the fact that general science is a potent educational tool for the 
development of young people. 
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Frames for developing a course in general science 

Gfneral science is a course of Kientific study and insestigation s^Iiich lias its 
roots in the common experience of children and s»hich docs not exclude any 
one of the fundamental special Micners. It seeks to elucidate the general prin- 
ciples obscrsable in nature. v>iihout emphasiring the traditional disision into 
speciahred subjects until such time as this is starranted by tlic increasing com- 
plexii) of the field of msestigaiion. by the dcseloping unity of separate parts 
of that fieltl. and by the intellectual progress of the pupils. 

Thus does the Rrilish Science Master's Associ.-ition characterize the nature 
of general science in iu rc{xjrt.* It is a good statetneni. 

Policy os a frame of reference 

kVhat does one teach in general science? When? Wliy? 

There is widespread agreement that a continuous program in science, the 
stud) of the world, from the kindergarten through high school is desirable. 
Man) schcxils are moving rapidlv to make this desire a reality. In the elenien- 
lar) grades the science ts inevitably exploratory and un$)steTnatic. In the 
high school are the specialized sciences. What should be oflered for the junior 
high school )ear5 in between- 

Some teadien who are specialists in one part of science do not see the 
need for. and the importance of, general science. They may feel that the 
special sciences should be started as early as possible, and that the seventh 
grade is a possible time. As we shall see. this conclusion is incorrect because 
the students arc still immature; the)' lack practice in scientific thinking, and 
their store of usable concepts is small. Furthermore, the specialized sciences 
are more sophisticated than those who teach them may realize. Some course 
whicli involves sharper concepu than those developed in the elementary 
school, yet avoids the details and intensity of the special sciences, seems to 
be a necessary intermediate, and this course is general science. If taught in an 
exciting manner, such general science will point the way toward further 
more narrow and intense study in the special sciences. 

As a matter of polio, surely, we do not wish to permit a gap in die 
sequence of available science courses. In addition, we must provide effective 
instruction for the many who will lerminaie their schooling or their science 
schooling at the ninth grade, or soon thereafter. 

The experience of children and the science courses they tolce. It goes 
without saying that children do not have experiences in only one area; mod- 
ern life furnishes stimuli in all areas. Science is no different. General science, 
which is not meant to exclude experience in any of the fundamental sciences, 
feeds the curiosity and interests of children whose experiences are fresh ones, 
day in. day out. 



Of course, one may propose that children should begin the discipline ol 
specialization as soon as they can, say, in junior high school. Why not “expose 
the kids” to biology, chemistry, or physia as soon as they can take it? 

First, sve tried it, and we shall describe this experience. Second, this 
works in reverse as well, one can give general science or rather "science" for 
SIX years {grades 7 12). We tried this too, and we shall describe the results. 

Substitutes for general science. In the period from 19}7'1930, at Forest 
Hills High School, an attempt was made to substitute earth science for ninth 
grade general science in ilie usual four-year sequence ( — , biology, chemistry, 
physics). We chose two classes of superior students, each class with the range 
in I.Q . reading, and mathematics detailed in Chapter 9. One class (35 stu 
dents) had tlie sequence earth science,* biology, physics, chemistry. The con- 
trol group had the more usual sequence: general science, biology, physics, 
chemistry. We planned to substitute, in successive years (ending in 1953), each 
of the courses (biology, chemistry, and physics) for general science. After the 
third year, before physics was subsiiuitetl for general science, the "experi- 
nieni" had to be abandoned, for these reasons. 

First, OUT basic assumption was incorrect. The preparation of children 
in science through the first eight grades is not uniform at the present time. 
Some students had had a great deal of science; others very little. Some had had 
“nature study" science; others “sporadic" science. This would ordinarily not 
be critical were it not for the factors that accompany the onset of adolescence. 
Puberty is a difTicult period. Picture the anxieties of cliildrcn, eager to succeed 
in high school and of the caliber which gives them the ability to succeed, 
faced with a course which assumes some uniform experience in science. Also, 
the course (say, chemistry, even biology) assumes some kind of discipline in 
study, an ability to take laboratory work in stride, and a bit of familiarity 
with mathematics. 

After the third year of this kind of experimentation we found that only 
approximately 35% of those who had had. in the ninth grade, eartii science, 
40% of those who had had biology, and 30% of those who had had chemistry 
were planning to take three more years of science, as compared with 85% 
of the "controls,” who had had general science in the ninth grade. 

An analysis of the situation revealed other considerations: 

^ children given an exploratory course in the first yeaf 

of high school benefit from its gutdance function. They use it to plan further 
experiences along their interesu. Thus general science, if it is a broadly 
conceived coune touching different areas of life, opens up many vistas in 
further course work, as well as in vocations. 

2. Adolescence being a period of stress and strain, ‘ it is healthy to give 
youngste rs a good base consisting in a "new view.” not review, of the concepts 


» &>ui^e of study similar lo Uiat detailed in the • Excutvion" at the end of this chapter 
A. J. Jersild, The Psjeftofogy of Adoleteena, Mitnnllan, N. V. 1957. 
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the)’ "should have studied"; and, at the same time, to point their energies in 
a new direction. 

3. The maturity or age of students makes a difference. Students in the 
tenth, eletenth, and twelfth grades achieve higher grades than do their )ounger 
counterparts of equivalent I.Q.. reading, and mathematics test scores who take 
the same course in the ninth grade. When biology and chemistry were of- 
fered in the ninth grade, sc'Cn out ol ten of these able pupils scored below 
80% on the achievement scale. Of the comparable students who took biology 
in the tenth grade and chemistry in the eleventh grade, after general science 
in the ninth grade, seven out of ten achieved scores above 90%.* 

This lower achievement in biology was somewhat surprising, although 
the lower achievement in chemistry had been suspected as likely. Among the 
many factors that might account for this lower achievement in biology were 
the high vocabulary load of new words and the involvement of mature ab- 
stractions such as evolution and chromosome theory. 

We vvere forced to the interesting conclusion, still tentative, of course, 
that if biology, chemistry, physics, or earth science were to be given in ninth 
grade, they would have to be given at the level of general science; that is: 

1. They would need to be so broadly conceived that each course would 
take in elements of the other courses. This would assume a guidance function; 
namely, students would maintain their interest in taking the other science 
courses so that they would achieve a broad scope. In other words, if, as a 
general practice, the so<alled speaalired courses were given in the ninth 
grade, even to the best students, registiation in subsequent science courses 
could conceivably be reduced unless science were required of all. In other 
words, reduetio ad absurdum, biology, chemistry, physics, and earth science 
could be given at the ninth grade level, if they' were broadly conceived to 
touch all the areas of life— that is, if they were general science coursesl 

2. There is value to an introductory, exploratory course, cither as a first 
course, or as a capstone course. Bui this should be given, it is our present 
opinion, on the maturational level of the students. There seems to be a level 
of maturity needed to envelop and develop certain concepts. Thus, while we 
should not underestimate the intelligence of these students (this is especially 
shown in their development of skills in mathematics), we should not over- 
estimate their cultural and social maturity. 

General science os a substitute. Just as it seemed logical to substitute 
earth science, biology, chemistry, and physics for general science, so it seemed 
logical for us to try to substitute general science for these courses. That is, 
W’e organized a class of superior students and gave them four years of gen- 
eral science, during the period 1947-1950. This attempt was more "success- 
ful" than the preceding one which substituted special sciences for general 
science. But even so, when we tried a four-year course in science with a sec- 
ond group, we were forced to abandon the trial at the end of the third year. 

* Earth science was not offered in grades 10, II. or 12. 
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The first four-sear },roup-Saente. Four Years, as it svas designated- 
underss’ent the study ol science m a curricular design as described in the 
• Excursion" at the end ol C3iapter 18 Posstbly. it is not proper to call this 
four-year couise a course in general science, ue consider it, as sve have said, 
a course in science. Nevertheless, m the current usage, any course which cuts 
across the lines of biology, chemistry, and physics is "general science.” 

Because ol the structure of the coune, the Nesv York State Regents Exam- 
inations (in biology, chemistry, and physics) were taken by the students in 
their eleventh and twelfth years, biology at the end of the eleventh, chem 
istry in the middle of the twelfth (February term in the senior year), and 
physics at the end of the twelfth The mean scores were very similar (a bit 
higher, but not significamly) to scores for the "control" students (matched 
for sex and I.Q, reading, and mathematics scores) in the regular courses. 
But most important: 

1 Students saw science whole, and they saw it in its application to life 
and living rather than in comparimentalized areas. 

2. One teacher taught the course through all four years and thereby 
got to know the studenu very well. 

3. Project work, committee work, field trips, all cocurricular activities 
were planned with ease. 

4. In all their work, students saw that biology, chemistry, and physics 
could apply to a single problem, eg. levers, muscle chemistry, nutrition, 
and biological structure when the function of muscle was being studied, the 
chemistry of gasoline, the physics of motors, the psychology and biology of 
the driver when automobiles were being studied (see Chapter 18 for a full 
description of the course). 


^Vhen the second group was organiied. a similar organization of subject 
matter was attempted. However, n was thought that two teachers might par- 
ticipate this time. The second teacher eventually went over almost com 
pletely to teaching physics as physics, and taught the accepted syllabus.' 
His reason for this seems to have been mainly to prepare the children for 
the Regents examination. Apparently, he was not convinced that boys and 
girls (15 18 years of age) given an interesting course in whatever context 
could prepare thenisehes-wiih the teacher’s aid. of coursc-for reasonably 
constituted examinations. The problem of getting teachers who would move 
away from Uieir traditional trajectory was too difficult. It was easier, in short, 
to modify existing courses, and introduce into them concepts and methods 
that related more closely to the lives the youngsters were leading and were 
expected to lead. This, of course, with due regard to scholarship. 


«The course 
teachers to give i 
participating. 


continued forseioal jears. but u wjs not possible to get more than i''0 
course of Ihu son requires wide training on ihe part of the jeacliers 
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It stems from the significant experiences and problems of the bo^ or gitl, 
but IS guided by the experiences of the sdeniisi. For example, we may study 
burning, but it is not enough to know the basic factors (kindling temperature 
and fuel) which are responsible for burning; it is now necessary and possible 
to interpret the combination of fuel, oxygen, and kindling temperature in the 
light of the principle underlying oxidation and combustion, and to apply 
it to internal-combustion engines, and so on. Still further, general science is 
an exceedingly useful curricular in\ention for teaching the ways of the 
scientist in the different sciences; it is not sufficient to segregate these "ways 
in their application to only one area. From the viewpoint of general educa- 
tion, then, general science is a most useful curricular invention. 

General science, for all its broadness, maintains an integrity; it touches 
all areas of life. It serves all young people, and practically all young people 
remain in school at least through the ninth year. Hence, general science is an 
experience common to all. In fact, in many junior high schools it is part of a 
"common learnings" curriculum. 

This does not exclude the possibility that for the science prone, special 
interests may be followed. But these interests are specific; for instance, a 
ninth grade youngster does not become interested in all of biology; he be- 
comes interested in some area of biology, such as genetics or animals or frogs 
or snakes. His interest isn’t in all of chemistry, but in photochemistry or dyes, 
or in just working in the laboratory. 

These are some of the considerations which compel us to consider gen- 
eral science as a definitive area in education of children, if not in the sense 
of an area of academic investigation. We qtioie from the General Science 
Syllabus Committee of New York City on this subject: ' 


THC objectives or the CENEIUt. SOENCE COVftSe fO* CEAOrS 7, 8, AND 9 

Tlie objectives for the course ot study in general science, grades 7, 8, and »■ 
are based on the following considerations. 

The first is the nature of ihe child. There is wide variation among indi 
vidual students Viiih respect to maturity, ability, previous experience, interests, 
and needs, both in and out of the school environment. 

The second consideration is the nature of the broad purposes of education 
at these grade levels It is generally recognued that educational activities of ih's 
stage, in which a child is expanding his conception of his environment and of 
his universe, are in a large ineasure exploratory. 

The third consideration is the relation of the study of general science to ihc 
complete education process. The aims ot a course in general science should be 
closely related to the aims of general education. 

The fourth consideration is the type of approach to the study of general 
science that should be rrcoiuinended in the coune of study. The approach m 


1 Throughc 
have tV-«tched i 
couTses delinea 


heic chapters on couises of study (in biologv. chemistry, and physics) 
atious oa^s, a mvdvitude ot them, as found throughout the nauon T^ 
in these chapieis are eiiber taken directly or mo,VI«l after courses pub- 
"'•* fumculum deparunenis In this chapter we desire to show 


how one city has modified , 

section on developroeiii of general science courses 
throughout the country, in this section we shall 
New York City and New York Suie. 
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this coune of study is based on targe problems, of direct interest to adolescents, 
which offer purpose and direction to the learning process. 

Finally, there must be the recognition of general science, as tlie child's 
first introduction to science, as a specialired area lor uniquely organized experi- 
ences. In this course of study, the child’s fewmer science experiences are being 
reoriented into a more mature pattern of understanding of the nature of things 
in his world. 

These considerations, tlien. base guided the acceptance of the following 
objectises. adapted from those listed in the 1947 Yearbool. of the National Society 
for the Study of Education • 

I. Growth in functional understanding of scientific phenomena that are 
part of the child's emironmenL 

2 Growth in deselopment and understanding of scientific concepts and 
principles that function in children's experiences and help to explain them. 

S. Growth in the use of the manipulatise, experimental, and problem- 
soUing skills which are imohed in insestigations in the area of science. 

4. Growth in the deselopmeni of \ocationa! and asocational interests in 
science. 

5. Growth in such desirable habits and attitudes as open-mindedness, in- 
tellectual honest), suspended judgment, and respect for human dignity. 

G. Growth in appreciation of the contributions and potentialities of science 
for ilic improvement of human welfare and m appreciation of dangers through 
111 misuse. 

7. Growth in (hose moral and spiritual values which exalt and refme (he 
life of the individual and society. 

Scope and sequence os a frame of reference 

Ai hand are C2 courses of study in swetuU-. eighth-, ninth-grade general 
science, prepared b> counties, states, cities, and urban and rural communities. 
The strange, perhaps sad, perhaps wise, consistently noticeable attribute of 
these courses of stud) is that over the three yean the content area is decidedly 
similar for all the courses of study. There are diflcrenccs in emphasis. There 
arc differences in sequence. There arc. imieed. diflcrenccs in statement. But 
even the casual observer can note that. 

1. If a child were to move from Seattle to Miami at the end of the ninth 
year, his exposure to the content of science would have been the same for at 
least 95% of the subject matter taught in all tltc states, no matter what 
curriculum or what textliooks he had used. 

2. If a teacher were to travel from city school system to city sihool sys- 
tem (pariiailarly the large cities) in tltc United States v\ith a file of reference 
maicriaU, films, filmstrips, aciisiiics, projects (see Section Tools for the 
Science Teacher), he would find approximately 90% of it applicable. 

To put it another way , for the majoriiy of students (excluding the "gificd" 
or the "very slow”) the content of the three jean of work in general science, 
although still the most flexible of all areas in Kiencr, is approaching uni- 
formity. It will lx: remembered that senior high sclicxtl science approaches 

• NXSF. lorljSixth Ynrbook, C. of Oikasv> Qitcaen. J9I7. p. U2. 
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ic stems from the significant expenences and problems of the boy or girl, 
but IS guided by the expenences of the scientist. For example, we may study 
burning, but it is not enough to know the basic factors (kindling temperature 
and fuel) which are responsible for burning; it is now necessary and possible 
to interpret the combination of fuel oxygen, and kindling temperature in the 
light of the principle underlying oxidation and combustion, and to apply 
it to internal combustion engines, and so on. Still further, general science is 
an exceedingly useful curricular imention for leaching the ways of the 
scientist in the different sciences, it is not sufficient to segregate these “ways 
in their application to only one area From tlie viewpoint of general edua- 
tion, then, general science is a mcist useful curricular invention. 

General science, for all its broadness, maintains an integrity; it touches 
all areas of life. It serves all young people, and practically all young people 
remain in school at least through the ninth year. Hence, general science is an 
experience common to all. In fact, in many junior high schools it is part of a 
“common learnings" curriculum. 

This does not exclude ihe possibility that for the science prone, special 
interests may be followed. But these interests are specific: for instance, a 
ninth-grade youngster does not become interested in all of biology; he b^ 
comes interested in some area of biology, such as genetics or animals or frog* 
or snakes. His interest isn’t in oil of chemistry, but in photochemistry or dyWi 
or m just working in the laboratory. 

These are some of the considerations which compel us to consider gen- 
eral science as a definitive area in education of children, if not in the sense 
of an area of academic investigation. We quote from the General Science 
Syllabus Committee of New York City on this subject:' 


The oajrcTUES or the ceneml soekce covrse for grades 7, 8, and 9 

Tlie objcctises for the course ol study in general science, grades 7, 8, and 
are based on the following considerations; 

The first is the nature of the child. There is wide variation among indi 
vidual students with respect to maturity, ability, previous experience, interests, 
and needs, both in and out of the school environment. 

The second comJderation is the nature of the broad purposes of educaiio" 
at these grade le\cU Ic a generally tecogniied that educational aetbities of this 
stage, in which a child is expanding his conception of his environment and of 
his universe, are in a large ineasuie exploratory. 

The third consideration is the relation of the study of general science to the 
complete education process. The aims of a course in general science should be 
closely related to the aims of general education. 

The fourth consideraimo is the type of approach to the study of general 
science that should be recommended in the course of study. The approach in 
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this course of study is based on large problems, of direct interest to adolescents, 
sshich offer purpose and direction to the learning process. 

Finally, there must be the recognition of general science, as the child's 
first introduction to science, as a speaalized area for uniquely organized experi- 
ences. In this course of study, the chUd’s former science experiences are being 
reoriented into a more mature pattern of understanding of the nature of things 
in his vorld. 

These considerations, then, hate guided the acceptance of the following 
objectUes. adapted from those listed in the 1947 Yearbook of the National Society 
for the Study of Education. * 

1. Growth in functional understanding of Kientific phenomena that arc 
part of the child's environment. 

2. Growth in development and understanding of sdentific concepts and 
principles that function m children’s e.xpenenccs and help to explain them. 

3. Growth in the use of the manipulative, experimental, and problem- 
solving skills which are involved in investigations in the area of science. 

4. Crouth in the development of vocational and avocational interests in 

5. Growth in sudi desirable habits and attitudes as open-mindedness, in- 
tellectual honesty, suspended judgment, and respect for human dignity. 

6 Growth in appreciation of the contributions and potentialities of science 
for the improvement of human velfare and in appreciation of dangers through 
Its misuse. 

7. Growth in those moral and spiritual values vvhich exalt and refine the 
life of (he individual and society. 

Scope ond sequence at o frame of reference 

At hand arc C2 counes of study in seventh*, eighth-, ninth-grade general 
science, prepared by counties, states, cities, and urban and rural communities. 
The strange, perhaps sad, perhaps wise, consbiently noticeable attribute of 
these courses of study is that over the three years the content area is decidedly 
similar for all the courses of study. Tltcre are differences in emphasis. There 
arc differences in sequence. There are. indeed, differences in statement. But 
even the casual obsener can note that: 

1. If a child were to move from Seattle to Miami at the end of the ninth 
year, his exposure to the content of science would have been the same for at 
least 95% of the subject matter taught in all the states, no matter what 
curriculum or what textbooks he had used. 

2. If a teacher were to travel from city school system to city school sys. 
tern (particularly the large cities) in the United States with a file of reference 
materials, films, filmstrips, activities, projects (see Section V. Tools for the 
Science Teacher), he would fiml approximately 90% of it applicable. 

To put it another way, for the majority of students (excluding the ‘■gifted” 
or the ’’very slow") the content of the three years of work in general science 
although still the most flexible of all areas in science, is approaching uni- 
formity. It will be remembered that senior high Khoot science approaches 

• NSSE, ForlySixlh yearbook. U. of Chkaj;o I’reM. ChKaso, 1917. p. 1 12. 
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a uniformity which amounts to standardization; physics is almost infiexibly 
standardized. chemistry less so, but quite uniform; biology still less so (see 
Chapters 12, 13. and 14). 

As an illustration let us consider the general science content proposed 
by one of the states, then let us see what a city svithin that state has done 
to dtselop a scope and sequence (through selection, adaptation, and modifi- 
cation of content) of its orvn. 

New Yoik State was among the first, if not the first state to develop a 
course in general science If you study textbooks in general science, you smU 
see the unmistakable tendency of the authors to adopt or adapt the Ne"' 
York courses of study.® Pul another way. New York State and its boundar) 
states supply a major share of the authors of textbooks. Be that as it may. 
the course of study presented below envelops 95% of the stated content 
of the courses found in the United States *• 

A good general science program u custom built, tailored to fit the inieresn 
and needs of the pupils, the iniemts and background of the teacher, and the lool 
resources available for insituclion. It ivill differ from school to school and from 
teacher to teacher. It will change Irom year to year. It will be flexible and never 
rigid and arbitrary. 

No two teaching situations are alike. Pupils have different backgrounds and 
different interests, 1 eaihets have different talents. Environments differ. Facilities 
for instruction differ. General science programs should differ also, each being 
adapted to the situation in which it is being used 

The materials outlined in this section present several alternative plans upon 
which a good general science program can be built Though it is the responsibility 
of each school to select the plan which will best meet us needs, certain muiitnum 
requirements must be met in order to insure comparable educational oppor 
tunnies for all pupils in all New York Stale schools. 

SuccEsreo scope of content 

Ktnds of living ihingi 

Familiar living things: studying plants and animals around the school, 
identifying common fonns, keeping living things in the classroom: miking and 
exhibiting collections. 

Problems of hying things; their needs, how common fonns meet their 
needs, how living things affect each other; importance of microscopic forms. 

Habitats, kinds of habitats in the neighborhood; characteristics of different 
h.ibitats, effects of organisms on their habitats. 

liying thin^: how man changes the environment; how man makes 
use of living things, how man is affected by living things, microscopic hfe and 

Keeping healthy 

Nature of the human body: the skeleton and muscles: the senses, some of 
the major organs. ’ 

Personal appearance: varUtion in individuals; selection of clothes; groom 
habiu posture; effect of proper and improper 


enrolls nwrlv 10 ^ cent rf all the school children m the country. 
General feience, an Onl/me of the Scope and Content of the Syllabus, Bureau of Sec- 
ondary Cumculum Development. N. Sute Education Depar ment. Albany, 1938. 
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Diet: kinds of foods: nan*« ot digestion: absorption; salues of different 
foods: the balanced diet: harrofu* foods and eating habits. 

Control of the body, the nenow* system; the ductless glands; process of learn- 
ing, forming and breaking habits; solving of personal problems; mental illness. 

Medical examinations; nature of medical examinations; purposes; desirability 
[or regular examinations. 

First aid- t)pes of common emergencies; knowledges needed for treatment; 
skills needed: limitations of fir>t aid. 

Using e/ectric«fy 

Permanent magnets their kinds, properties and uses: magnetizing and de- 
magnetizing; the earth's magne**^™: compasses 

Electric charges nature aiid properties; how produced; how detected; fa- 
miliar examples. 

E.lenne tacuiw; series and -paraUtl utonts; tsaung tirtuivs in 

familiar devices. 

Electromagnetism- how produced, properties, common uses. 

Elccttic currents- from chemical changes: electromagnctically induced; how 
measured, voltage, energy rocasur*m*"tJ a-c- and dc.: transformers: transmission 
lines. 

Applications of electricity peating devices: electric lighting; communications: 
motors, electrochemistry. 

Safety with electricitv: insulation; fuses and circuit breaken: penonal haz- 
ards; safe practices 

Lifting and mouing things 

The pull of the earth: usiug- measuring. 

Lifting heavy objects pulleys, windlasses, ramps; levers; screw jacks; der- 
ricks; elevators. 

Increasing speed and ma^asing force- gean: belts and pulleys. 

Using and reducing frictioP rollers, wheels, ball and roller bearings; lubri- 
cation; brakes; increasing traction. 

Iluoyanq: nature of buoyancy; factors affecting buoyancy; ships; subma- 
rines. 

Airplanes, pressures m still and moving air; forces acting on an airplane; 
propellers, rockets, and jets: coPifolling airplanes; operating airplanes; safety in 
and around airplanes. 

Automobiles- general feature*: gasoline engines; the electrical system: power 
transmission to the wheels, the tooling system; brakes; care of automobiles: 
safe operation of automobiles. 

Common rhemieat changes 

Cliemical reactions- nature ®f changes involved; elements and compounds; 
energy relations: forms of energy involved in chemical reactions; catalysts; de- 
grees of chemical activity. 

Combustion: properties of oxygen: conditions needed for combustion; diar- 
actcristics of flames; products ol combustion: extinguishing fires: preventing 
fires. 

Water: chemical nature of waicr; importance in chemical reactions; solu- 
tions: factors affecting solution: recovering solutes and solvents; crystals: hard 
water; soap and water softeners: purifying water. 

Acids and bases: common examples: indicators: familiar reactions and 
products formes!: importance of arid base reactions. 

Other common chemical processes in the home. 
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a uniformity uhich amounts to standardi/ation; physics is almost inQexiblj 
standardized, chemistry less so, but quite uniform; biology still less so (see 
Chapters 12, IS, and 11) 

As an illustration let us toiiMder the general science content proposed 
by one of the st.tts, then let us see sshat a city within that state has done 
to dcselop a sco|)e and sequence {through selection, adaptation, and modifi 
cation ot toniem) of its ot\n. 

Nesi \tnl. State t»as among the first, if not the first state to dcselop a 
course in gtncial science If you study textbooks in general science, you viH 
see the unmistakable tendency of the authors to adopt or adapt the Ne" 
York courses of study.* Pul another tray. New York State and its boundary 
states supply a major sliarc of the authors of textbooks, lie that as it may. 
the course of study presented below emelops 55% of the stated content 
of the courses found in the United States.** 

A good general science program is custom built, tailored to fit the inierRis 
and needs of the pupils, the interests and background of the icacfier. and the loca 
resources asailable for instruction It vill diRcr from school to school and from 
leaclier to teacher It will change Irom year to year. It ssill be flexible and neser 
rigid and arbitrary. 

No two teaching situations are alike. Pupils hate different backgrounds and 
different interests leathers base dilfcrent talents. Entironmenu differ. Eaciliut* 
for instruction differ. General science programt should dilTcr alto, each bemj 
adapted to the situation in tshwh ft is being used. 

The materials outlmctl in this section present several alternative plans upon 
which a good general science program can be built. Though It is the respomibihtf 
of each school to select the plan which will best meet its needs, certain minimum 
rcquircmems must be met in order to insure comparable rfucailonal oppM 
tuniiiet for all pupils in all New- York Sute schools, 

SoCCeSTEO SCOPE OF COVTCXT 

Ktndt ef living things 

Familiar living things: studying plants and animals around the school, 
identifying common forms; keeping living tilings in the classroom; making and 
esdiibiiing collections. 

Problems of living things: their needs, hov,- common forms meet their 
needs, how liv mg things alfeci each oilier, importance ot microscopic forms. 

Habitats: kinds of habitats in the neighborhood; cliaraacristics of different 
habitats, effects of organisms on their habiuts. 

Man and living things- how man changes the environment; hov; man mal« 
use of living things; bow man is alfeaed by living things, microscopic life 
effects on man 

Keefiing healthy 

Nature of the human body: the skeleton and muscles; tlie senses; some of 
the major organa. ' 

Personal appearance: variation in individuals; selection of clothes: groom 
mg ot hair; care of skin; oral hygiene; posture, effect ot proper and improper 


•New \orV State enrolls neatlv 10 per tent of all ihe school children in ihe country, 
t^neral Snenre, an Outline of the Scope and Conirnl of the Svifaftuj, Bureau of »« 
ondary Cumculum Development. N. t. Slate Edocanon Department. Albany. 195S. 
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commended, is its recommendation of flexibility, not of slavish adherence to 
the scope suggested. 

Now let us examine a sequence based on the scope outlined abo\e. This 
illustrates what one school system (New York Citj) has developed as its own 
curricular invention in general science. 

Note how the sequence reflects the increasing maturity of the students: 
as they grow older they plan their time better and can accomplish more; 
the amount of time available for science study; three 45-minute periods per 
week in the seventh and eighth years, and five 45-minute periods per week 
in the ninth year, and the individuality of the community: teachers and 
supervisors work together to prepare the course of study.” 

The orca-mzatiov of the cc-veral science course 
(New York City) 

The content of this syllabus is planned to meet the stated objectives. To 
achieve this purpose, the child's tiorld has been grouped into large, meaningful 
experience units. In turn, these units have been further broken doun into sub- 
topics presented as problems. 

It IS expected that each science teacher will explore every unit for each 
grade. This means that, in the three-year course, a child will study nine units— 
no entire unit may be omUled. Furthermore, in the study of these units, no major 
problem may be omitted. Each has been included because it deals with some 
major concern of life. 

Obviously, a fair and equitable amount of lime and attention should be 
devoted to each of these major problems. However, the choice, sequence, and 
time allotment of topics vMthin each unit will be (he responsibilities of teachen 
and pupils The teacher is strongly advised to consult with his lupenisors and 
colleagues, and to canvass the maturity, intetescs and needs of his pupils before 
he formulates his term plan. He must be able to estimate, on the basis of the 
particular situation, how many lessons and how much emphasis to give to 
each lesson topic. 

Each problem in (his syllabus is developed as a "resource unit,” offering a 
variety of approaches for differing intcresu and levels of ability. But these are 
merely suggestions It is expected ih.ii the conscientious and experienced teacher 
will try other approadies and methods, consntent u-ilh safety and good taste, 
and (hat the successful techniques will be made available to other teachers 
through professional assorialions and publications. 

Outline of the course of study 
Grade 7: You and Your Place in Tim Wotid 
Unit 71— Getting Acquainted with VourscU 

Problem 71.1-now do we learn what is going on around us? 

71.2-yVhat are our daily neeils lor keeping health? 

7IA-yVh3t are some of the veays that a doctor diecks on our 
heaftfi? 

71.4-Ilow do some systems In the body v^■ork together? 

Unit 72— Getting Acquainted with Your yVorld 

Problem 72.1-\niat arc the sources ol our food supply? 

72i?-y\1iy is the use and conservation of water a concern for all 
ol us? 

Ji Exf^erimenlat Course in General Seiersce, miiwographrd; reproduced by permiiuon of 
the Supeniiot of Science. Junior High Schools. New York City. I93S. 


THE COUaSE IN OtNttAl SCttNCt 8M 



i; Mar groupr; apparent motions of the Mats; 


The atmosphere 

Properties of air. takes up space: steighi, compressibility: effects of heating 
and cooimg 

.Atmos])htnc pressure: indications of air pressure; measuring: common cl 
Iccis of air pressure, uses of air pressure. 

Sound nature of sound, causes of sound: transmission of sound, character 
istics of soiimls 

Coiiiponinis of air percentage composition: oxygen and some of its prop 
eriies carbon dioxide and some of its properties: dust and its sources: forms 
of water in the air. factors alleciing esaporation and condensation. 

\ir currents causes of air cuirenis. effects: use of air currents in heating 
and cooling homes. 

\\eaiher factors of weather; measuring weather factors: causes of weather 
clianges. weaiJier prediction; climatic faaors. 

The earth and sky 
Stars nature of the si 
mining the location of siai. 

planets: app.irent motions of the mem 
bers of the solar system; ihoones about the solar sysiem. 

Time measurement of time: time around the earth. 
tude^H,?,® ’*•'““*« »>“* Jong'tude; determining latitude and longi 

map rcadmg elesation: kind, of maps: mapping and 

^iocAt and joil 

<h.ritl!ii,ila ol comm™ rail. 

d5,S ’’'“‘““I ■I'PO'liion; produ.rf b, 

V"? lo'PO'Uncb ol .oil: coi„,t,.iion ol 

■on , " . • "“'I O''" nioioiooT,! in ibo l>o 

-oil: «'o lilollnr — -I 

tion ' power, water lor transportation; water for reciea 

Surviual o/ living things 

liral.on!’ seed d^erop^nlr^^^d"^ pollination and ferU- 
Animal life hiiiories- hfe csrleT^ ' awsuil propagation, 
cycles of some common aninvl ^ Common egg l.iyiiig animals: life 

Ealar.re !,r •*«'f«i'fngyounc ^ ^ 

b“”! l.air.h.f b.,.,„„: 1,0. n.«. 

.n.o.em,„,;T,Ml°Lt2g™”5: '"'"8 "'“'S' ■” ■»“'■ 

In adduioo .o ^ ^ 
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seventh or the eighth ^ear. Schools on an hour program shall provide two 60- 

minute periods (as a minimum) in the seventh and eighth years and four 

60 minute periods (as a minimum) in the ninth year (or for a combined seventh 

and eighth >ear) as equivalent to the time allowance for 45-minute periods. 

We have included these samples of scope and sequence not only to illus- 
trate the nature of general science courses as they appear in practice, but also 
to serve the reader as a basts for developing his own course of study. There is 
much elasticity in the course; any important interest can and should be fol- 
lowed up. Thus more time can be spent on a topic which has caught the 
imagination of a class, of a group, or of an individual. Material is uncovered, 
rather than coveted. 

Furthermore, the kind of elasticity and flexibility which is part and par- 
cel of the approach to general science permits the searching out of individual 
students, their ability and their propensity or, as we termed it in Chapter 9, 
both their genetic and predisposing factors. In addition, the course enables 
the science teacher to take time, in the full spirit of guidance, to open up to 
students the vista of opportunities in science in the high school, in college, 
and in the world. In one junior high scliool which we visited, a week’s time 
(five class periods) was spent each year on discussing future science work. 
This led to individual conferences which were carried on during laboratory 
periods, and before and after school. 

Conceptual schemes os a frame of reference 

We have indicated on p. 317 the kind of content which seems to be uti- 
lized throughout the country. The content clearly draws from all of science. 
In a preliminary or introductory way. nearly all the major conceptual schemes 
of science are involved to the extent that children find them useful. Possibly 
this is the way it should be, since at present not all youngsters go through high 
school, although almost all go through the ninth grade. 

How far does a teacher go in developing any single conceptual scheme? 
The answer lies in two directions: 

1. A teacher goes as far as he can by giving individual students who are 
willing and able the opportunity to go as far as they can. (See Chapters 4 
and 9; see also Section V, Tools for the Science Teacher: see also "projects” 
in the accompanying volumes in this series.) 

2. A teacher is limited by the mathematical skilb of the students in the 
class, unless he is in a core program or a course flexible enough that he can 
develop the new mathematical skills needed at any given point. 

We have found curricular schemes which enabled students to go as far as 
to design a simple binary digital computer, to build a small telescope or a small 
rocket, to maintain a museum, to develop the genetics of Drosophila, to read 
with understanding Girard's Unresting Cells?* to begin the calculus. This work 

V* R. W. Cmrd. Unresting Cells, Harper. N. Y, 1M9. 
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72 S-How are »e afiected by the air around us? 

724-How does the weather affect our mode of living? 

72 5-How do the movements of the earth (as a planet) affect us 
72 6-What is the place of the earth in the universe? 

Grade 8. Ho\s Science Helps Us Meet Our Basic Needs 
Unit 81-Increasmg and Improving Our Food Supply 
Problem 81 l-What kinds of foods are needed for an adequate diet? 

81 2-Hqw can we make better use of the foods we have? 

81 3-Hovv can we increase our food supply? 

Unit 82— Increasing and Improving Our Use of Natural Resources 

Problem 82.1-How do we get some of the raw materials we need in mdustiy? 

82 2-\\'hai facts do vce need to know to choose clothing wisely? 

82.3-How ate dwellings made and serviced for good health and 

safely? 

Unit 83— Making Work Easier _ j j f 

Problem 83 1-How does the energy avadablc to man affect his standard ol 
living? 

83 2-How do machines enable man to perform difficult tasks more 

easily? 

83 3-In what other ways can machines help man? 

Grade 9: A Better ^V’oTld Through Science 
Unit 91— Speedier Transportation 
Problem 91 l-Why is improved uansporution important to us? 

91.2- What makes an automobile or truck run? 

91.3- Wh3i makes an airplane fly? 

91.4- How are boats propelled? 

91 5-How are locomotives driven? 

Unit 92— Improving Communication 

Problem 92.1-How do present methods of communication enable people to 
understand each other better? 

92 2-Kow do we use sound (or communication? 

92 3-How may signals be transported over wires* 

92 4-How do we use our eyes for receiving communications’ 

92 5-How can proper illumination be obtained and maintained? 

92 8-How can we laake a permanent record of events as Uiey occur 
Unit 93— Prolonging Your Life 

Problem 93 l-lVhal functions of the body maintain good health? 

93 2-3Vhat arc some causes of ill health? 

93 S-How are infectious diseases controlled? 

93 4-Kow has the use of chemicals contributed to better health? 
Unit 94-Oar Atomic 3VoTld 

Problem 94 l-3Vhy is radioactivity of concern to us? 

94.2-How is radraactmty explained’ 

94 3-How IS eneigy obtained from the atom? 

94 4-35 bat are some present and future uses of atomic energy? 

Time allowances. In accordant with the recommendations of the Board of 
Regents of the State of New York," a minimum of three 45-minute periods shall 
be devoted to this course in the seventh and eighth years and five 45-minute 
pCTiods in the ninth year. In schools combining the seventh and eighth years, a 
mmiraum of five 45 minute periods shall be devoted to this course m either the 
o.™.,™ Dmiopm™., »•' 
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COj is used, that glucose is the raw matoial of photos)Hthesis, and that O. is 
a b)-product of the process. 

In biologs or in ph«ics the teacher may deal srith the photosjTitheitc effect 
of different s\-as e lengths of light by having elodea placed in test tubes sstapped 
in blue, }ellow, and red cellophane. Of course, if the students indicate a strong 
interest based on prior experience, the entire sequence could be deseloped in 
earlier grades. The readiness of the students is more important than the par- 
ticular grade in sshiefa ihej- happen to be enrolled. 

In short, repetition in a nesv context is an aid, not a hindrance to concept 
building. Concepts must be built on something, and that something is the 
presious experiences and concepts which the children have developed. Finally, 
who knows what happens in the brain of a boy or girl? What happens when a 
student hears something or sees something he has experienced before? ^V^lat 
are the advantages and disadvantages of having it in a new context? 


Special considerations in teaelting general science 

Note that in the preceding three chapters we have included a section in 
which we have considered the ^ot-or and the problems in the course. It is for 
this reason especially that we have placed the consideration of general science 
after that of the other courses. General science is a derived course, taking not 
only its content, but also its flavor and problems, from the major science areas. 

Except for one thing: the studenu are much younger, and their lack of 
maturity (t.e., experience) makes certain areas particularly sensitive ones. These 
areas are the sensitive ones of our generation: sex behavior, religion, and so 
forth. Hence, most general science courses avoid these areas. This lack of 
maturity or experience also limits the amount of roatheroatics vvluch can be 
used in the course; hence the physics and chemistry taught are almost ahrays 
descriptive. 


An excursion 

info developing one's own course in generaf science 

1S-1. We urge you to get this excellent set of materials; they were carefully 
developed by teachers for use in general science by the State Department of 
Education, Xevv York State, Albany: 

The General Science Handbook, Parts 1, 2, and S. More than 2300 care- 
fully selected science learning aciiviiles ate included in the three volumes. A 
cross index to all three volumes is included in the syllabus. Science 7-S-9, 1956. 

General Science Survey Tests, Forms A and B. Packets for each fomi con- 
tain 25 booklets, 25 answer sheets. 3 class record sheets, 1 answer key and 
1 manual. 
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was done by giving individual students, or groups, the opportunity to wort m 
a corner of the classroom, a basement or room in one of the student's homts, 
the laboratory before and after school, or a comer in the laboratory of a local 
unnersity 

1 he question is not where one can limit the conceptual schemes, but how 
far one can go \nd what will happen in the senior sciences, say biology, if a 
youngster "knows " Mendel's laws: or in physics, if a boy or girl "knows" the 
laws of the period of the pendulum, or in chemistry, if a student "knows" the 
structure of chlorine? What a wonderful opportunity to extend that boy's or 
girl’s knowledge and skilll What an opportunity to increase the ranks of 
scientists! 

1 his leads us to one of the nagging problems in teaching any subject which 
is "introductory" to another in the same area. How docs one avoid repetition 
of content? Actually this is a curious question. 

What would an English teacher say it one sierc to ask, "Why should 
students reread this poem? lliey'xe read It once. Why reread Macbeth or 
Hamlet} ^Ve've all read them once." An English teacher would say that one 
benefits from rereading a worthwhile bit. poem, play, or book; one benefits 
from contemplation: the book does not become a better book through re- 
reading and contemplation, but we become better people. We sec in the 
material new ideas, new depths of meaning to which we were not sensitise 
earlier. For example. Lewis Carroll’s Alice in Wonderland is to children a 
fantastic, amusing, topsy turvy world, while to some adults it is a rich social 
satire. 


Similarly, a maihematia teacher would not be concerned about the T^ 
peated use of arithmetic or algebraic operations. 

Surely the possibilities of scicniific topics, say genetics or optics or human 
j'nlTh’gnch'ooir'’”"'’' in .len,.n..r, 

Teachers tn general should be concernes] only i[ ihe subject matter is 
repeated in ihe same comexi and lor the same putposes, e.g.. learning how to 
^ * magnet, Skilllul tcachets constantly attempt to creatt 

with ^ne -‘’nations in Sshitli she subjea matetial appears in a fresh context 

rnJbroa l ” "" “ S' on-epts, to sttengthm 

conrenT. “"“P V' 1° "" =1 motlilied or new 

;,T 7 "■""ins »f a «ncept increase, u hen iris exam- 

mom^, •■"i''' i" ■I'P'I' ‘"“1 ’ 

X.rT“ """ “""P' '“'•i "P”" o-'y “ 

gto„*1,dri*,h'T7 -ar learn that green plants do not 

starch in light In ihTi^nth^ ""i* -how that green plants make 

•hy-ptodnctol.he..atch.maUr/Tbrr''h'"''°'’ 

ng. The teacher may even develop the idea that 
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TABLE 15-5 A course in earth science 

I. The earth's surface 
\ The earth's crust 

1 Mantle rock and bedrock 

2. Land forms 
S. ^Ilne^als 
4 Rocks 

B The » aters of the earth 

1. The oceans 

2. Ground 'vater 
C Lsmg maps 

1. Map projections 
2- Topographic maps 
II Oesrructiie forces 
A. Meaihenng 

1. Meeharucal 

2. Chemical 

3. Faaors inUueocmg tieathenng 

4. Results of weathering 
B Erosion 

1 Action of ground water 
2. \nion of running water 

3 \etion of mosing air 

4 Anion of moling ice 

5. Action of Wales and shore currents 

III. ConstruRire forces 

A. Duscrophism 

1 EaRh moietnents 
S. Major land forms 

B. Vuleanisin 

1. Estrudie lulcanism 

2. Intrvsiie itilcanism 

C Outstanding phi'siographic features 

1. Of New York State 

2. Of some of the national parks 

IV, The age of the eanh 

A. The rock record 

t. Crustal prtxe<ses 

2. Rock sequence 

3. rcwsil content 

4. RadioaRiie minerals 

B. The eanh's historr (oier three bil 
lion tears’ duration) 

1. The eanh's beginning 

2. Geologic historr foier two billion 
jears* duration) 


V. The earth in space 

A. The earth as a planet 

1. CharaReristics of the earth 

2. Planetary motions 

4. Location 

B. Stars and galasies 

1. The sun and stars 

2. The galasies 

VI. Local weather changes 

.A. Temperature of the air 

1. insolation 

2. Transfer of ersergy 

B. Presure of the air 

1. Meightofair 

2. Fanors affecting pressure change 
3 Pressure change and local weaiher 

C. Local winds 

1. Origin 

2. Lfferl of rotation 

3. Measurement 

4. M'ind ditenion and weather 

D. Moisture in the air 
I EiapontioD 

2. Condensation and preopiuiion 

VII. Air masses and fronts 

A. Sirunure of the aimospbere 

1. Composition 

2. Eaient 

B. .Aimorpberic mrulation 

1 Planetary winds 

2. Special winds 

C. Moiereent of air masses 
1. Ail masses 

2 Dcielopiiiem of fronts 

D. Cicione and anticiclones 

E. The weaiher bureau 
I. The weather map 

2 iVealher forecasling serrice 

3. Value of weather ten ices 

F. aimate 

1 Climatic controls 

2 Oimaies of the world 


IS-S. In some junior high schools a core program insohes English and social 
studies while science and mathematics are taught separately. What salues and 
Khai deficiencies can )ou see in such an arrangement? 

15-9. What characteristics should a teacher of science hate lo work happily 
and clTeciiveh (a) In a **child<entered core prograna’^ <b) In a school hating 
a core program in English and social studies' 
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General Science Lcjutpment Im'entory. A complete check list of suppliei 
and equipment orgaiiuetl to facilitate ordering and making the annual in 
\entory 

Souue Huok i>l Test Hems for Teachers of General Science. A collection 
of short answer test items for each of the ten areas outlined in the syllabus. 

Planning Science FaaltUes for Cenlral Schools. Specifications for science 
rooms including furniture, equipment, storage space, and work space. 

Film Rrjund-Up Xo. 16, General Science. A list of carefully selected films 
organized under each of the 10 syllabus areas. 

J5.2. Hmv much science do your students know? How mtidi base they learned 
in the elementary school? Ha\e you administered some of the standard tests 
listed on pp, 432-33 in Chapter 20? 


1S-3. Hate you copies of the courses of study dcseloped in general science b' 
teachers in various cities? Write to the Director of Instruction. City Board of 
Education. (Sec the ■■Excursion'- at the end of Qiapter 12 for information on 
where to get curriculum materials ) 

workb^' k accompanying 


Have you recently observed other teachers 
their own classrooms? 


of general science at vsork in 


'.T” Table 15 5. Asiuiae 

grate i” "■ 

IS in vou'r^eu^ni^M-n*' ^*",*^*'* science and elementary science experience 
hUe missed? I ht n i ' experience vvoiild the children 

(rWhere 

experience » "excellent "'AeaTn'^r elementary science 

advantages would be introdScd'bv ihT 

science in the ninth year? ^ swbvtitution of tins coune for genera' 

... it 

see to Its inclusion in «»nset\auon is. What advantages do you 

and ph,.ic.> avhjt bl»l"Sy. chemi.it), 

15-5. Examine general science t.i, ..i- 

of types 1, 2, and 3 {see o 3!0v r " ™ represent curricular organirations 

aPPra. » -he aa-P-a'- 

““ 'b' avallabk genmlKLce'JS'""-' ‘'P' 

pored .he material pro 
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seems to be a growing belief that a physical sdcnce course might serse the aims 
of general education (as developed by the Har\-ard Report and other publica- 
tions) better than would separate courses in phjsics and chemistiy. This seemed 
to be the base for the origin of the biolog)' course which replaced separate 
botany and zoolog) courses (Chapter 12): and perhaps the integration of the 
ph>-sical sciences will follow somewhat the pattern of the earlier amalgamation 
of the biological sciences. 

Still further, colleges generally accept the course for admission. Carleton * 
found that among 95 colleges, none were unwilling to approve it. 


Tentative patterns of courses in physical science 

The trend toward the physical science course— if indeed it proses to be a 
trend— is too recent, too experimental for us to discuss it as fully as we hate the 
older, more established courses. We shall simply make two general comments 
and then present in tabular form, without comment, five course outlines that 
seem as typical as is yet possible. 

First, the course has not yet "sought its own lesel.” It is presented in 
tanous grades and aimed at sarious types of studenu. For example: 

1. Physical science in Uie eleventh grade, followed by physics or chemistry 
or a tenn of each in the twelfth grade. 

2. A tw'o-yeor course, substituting for physics and chemistry. 

3. A ninth-grade course for the science prone. 

•1. A general education course, for noncollege-desiined studenu, in the 
tenth, eleventh, or twelfth grades. 

Second, the course varies in iu approach to the laboraiory from a demon- 
stration-lecture course to a course in which full laboraiory work (as in chemUtry 
or physio) is offered. 

Tables 16-1 through 16-5 present brief outlines of some existing courses. 
TABLE Id-I A tenth-grade course in phythal science * 


I Ininxluaion (2 wccki) 
n. Solar rvstem (5 

III. Sum ol niaitei (2 nreWt) 

IV. tncTfv (2 KceWn 

V. rh'jks (IS 

.V. Foten 

D. forte and motion 

C. VVoil. enetyr. and poner 

D. Sound 

• Nelvon l_ Lout). "Biolc*^ and I'h'vrta! 
Sfierifg Eduealion, VoU Si. -Vfarth IMl, p] 


t. Ughl 
I. Ekxtririn 
\T CheniMrv (12 

A. Chemical chanjn 
B Nature ol themital proersm 
C. Solutiont 

I> Nonmciah and compounds 
E. Omnic (hesnuiry 

E. Iseful meuit 


Science for Ximh- and Tenth Grade Studcnti.” 


• Rohm II. Carleton, “The .Vcteplatnlirr of Phtsical Sciencn at j toiler FiUTancc 
k'nii.‘ Snenee EJiuttwn, VoL SO. .Vpi. 1916, |>p. 127-22. 
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CHAPTER 16 


Inventions in science courses: 

The course in physical science 


A mu cl Hu lugi„„i„g.- A, gt„„al science i) denied from geolog,, biolog). 

chemisiry. am! physic*, so physical science seems to be de- 
nted from geuIo}(y, physics, and chemistry: it might be 
described as science minus biology . 

^Var changes many things. Just prior to ^\•o^ld M’ar 11 
y atson> reported titat physical science courses were offered 
in 5 1 cities of otcr 23.000 population located in 26 different 
states During the svar the course virtually disappeared: it 
Stas replaced by speci.vl cours«. the so-called "war courses." 
A study by Johnson • In 1917^8 of a stratified random sam 
pie of 755 public high «hools listed only seven schools 
giving courses m physical science. 

And non? 1 here arc indications that the course is com- 
ing back, although it is too early to make any definite pre- 

'* Of t'cn ‘he 

i.« **** niajor work in this area, be- 

hnefly into some of the 
var n^! he so. and then examine the 

alive directions the course seems to be taking. 


Bd,e, for a course To physicol science 

point thni -Science rourucdralhoSfX'T *'clop> 

elements,” and further it rerom / characterized by broad integrative 
Preientation of roncS, ' , Th " Ifi'o "o 

cept. of the pnoerpie, J- There 

vDonald R Wore.. 


' "A Comparie 


IJ- of Chif»go“r°« S'‘5’-S-xlft IS^ V" S. 


U. S OITict of 


Chiago. J9I6 
o U. Press, Cambridge. 1!K5 
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TABLE IE'5 A two-year course in physical science 

in a privafe school (with commenfs by its originator^ * 


C. AJach/ces 

H. H)clrosuucs 

I. Light 

II. Second )ear 

A. Electriaiy 

B. Chemistry [further] 

C. Mechanics 
D Atomic energy 

* "The immediate problem to de>isc a suitable oourse (a i»o year sequence) beginning in 
the tenth grade that uoutd lead to athanced aiorL in the twelfth grade. The usual one-year 
courses in phtsics and chemistry fihe stwalled College Board courses) were already offered. 
But these for obsious reasons were unsuitable— the physics couise assumed more mathe- 
matics than was offered in the tenth grade; the chemistry course included many concepts 
which, unless bolstered by phvsics, would be largely unintelligible at this early stage. 
The obtious compromise was to draw op a syllabus which included both physics and 
chemistry, but planned m such a way that the physics would not get beyond the range of 
the adrancing mathematics, and the chemisiry would derire the maicimum benefit from 
the phtsics. Thus a physics-chemistry course fa two year sequence) was established. . . . 

•There are seteral reasons why Heal is a good starting subject for this course. The carious 
topics in elementary Heat are uncomplicated— they can be understood without too much 
dependence on physical concepts ttorn other fields. .Moreover, the mathetnaucs involved is 
simple, usually not beyond the range of lentb-giadc siudenu. many of the ideas have a 
direct bearing on the elementary cbenusiry which follows, particularly conceminz heats 
of reacuons and the heat values of fuels." goto C Hogg, "Science at Exeter.*' .Veut England 
Auocialion Unitw 6, I, Nov. 1957. p. Id.) 


I. First year 

A. Heat 

B. Hydrogen 

C. Oxygen 

D. Water 

£. Carbon and its compounds 

F. Chemical problems on weights and \otume 


A look Qt the future of the <our$e in physical science 


It seems apparent that the course in physical science is again gaining atten- 
tion, particularly as the high school accepu all the siudenu with their great 
yaricty o£ gifu and circumstances and opportunities. Brown* in a definithe 
article written in 1953, cites (he lollowing as a }.ind of summing up of the status 
of the physical science course. 


1 . The physical saences are yielding. There is a shift in emphasis from 
concern for subject matter to concern for the learner. [Xoie: Is this true 
now?] 

2. There is no dear-cut pattern for these courses and little evidence of an 
integrating theme, although there is general agreement on the desirability of 
integration. 

3. The proper role of the lexibooL is not dear. Tossibly an entirely new 
concept in texibooh design is needed- 

•4. There is uncertainty concerning laboratory worV. There is agreement 
on the desirability of providing the opportunity for individual and group 
activities. How to adapt the lab^iory of conventional chernitiry and pliysia 
to more funcuonal purposes it the problem. Kew kinds of laboratory experiencet 
may well be needed. 


• II. Emmet Brown. 
.National Assoetalion of S' 


'Trentls in High School Courves in Integrated Physical Science,” 
econdarj-Se/iool /‘nitafali Builettn, JT, p. 83, 1933. 
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TA61E I£-3 A "funtlionat" eourse in physical scitnce * 


I Meieorolog). einh ici«n<:e. and asiion- 

A. The Heather 
B The air 

C Water 
D T he earth 
£ The heateaa 

II. Coniniunlcaiion and tramporuiion 
A Communication 

B. Ttincpoctaiion 
C Fueta 


III. Maietuls and proee*»e» 

A. Meiala, building raaierwl*. and 1'“ 
D. Cdinnlol producu 
C Fabrica 

IV. 1 he home 
A General 
B Teraonal 

V. Orieniaiion 
.A. .Men o( aclence 
b. Work and leiture 


• M. E, ilenicM. and Chariti H NetieU, 'Funenooal Fhrtical Science" Currirulum Journaf. 
Apr. 1314. pp. Mi 65. 








CHAPTER 17 


Inventions in science courses: 

The unit in the course 


A note at the beginning: When a siudeni says "I know that the earth is round,” 
or "I know how plants make surcli,” or "I know the name 
of my teacher,” what docs he mean? The verb “to knotv” 
in English serves a dual purpose: it can mean to recognize 
(be aware of or familiar with) and it can also mean to un- 
derstand (comprehend, make a part of oneself). Most lan- 
guage* employ two different verbs (French, connattre and 
ioooir, German, kennen and wmen; Spanish, eonocer and 
saber) tor these two very different meanings. W'e use one 
for both Therefore, we must be scry careful that recogni- 
tion does not pass for understanding, ^^’e must teach, and 
plan to teach, specihcatly for understanding. We do this 
in planning the lesson (see Chapter 7): we do this in plan- 
ning the course (see Chapters 10 through 16, and 18); but 
we do this to best effect in planning the unit. 

As a basic proposition we must observe that everything 
learned in school could be learned outside of school. But 
there is no need for students to learn everything through 
the “school of hard knocks" or in isolation on their own. 
What then is the purpose of a school other than fo expedite 
learning (which it does through careful selection of mate- 
rials)? This forces the question; What learnings, both recog- 
nition and understanding, do we wish or can we expedite in 
school? As a corollary, how will our instruction most ef- 
fectively expedite these learnings and how can we tell that 
such learnings have occurred? 

Irrespective of the particular answers made to these 
questions, planning for instruction is essential. This in- 
cludes planning for the daily lesson (Chapter 7) and plan- 
ning for the thirteen-year sequence from kindergarten to 
high school graduation. It also includes planning a block 
of learning in between these in size: the unit. 
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5 1 here is general agreement on the use of field trips and for making use 
of all kinds of resources The prcAlem js to find the time. 

6. Courses have been developed by teachers on their own time, although 
county and local uorkshops are being used to help in some places 

7 The teacher is still the "key” f^urc; some approach the idea with en 
tliusiasm but some seem ovenshelmed by the idea. 

8 Present teacher training programs fail to produce the kind of teacher 
needed Insert ice education is important. 

9 Units or areas ate generally regarded as resources or guides rather than 
as inflexible blueprints 

10 Many modern courses in physical science have been approved for col 
lege entrance credit 

11. Pupil planning should play a large part in the flexible class procedure 
suggested in No 9 above 


12. Ime^ated physical science courses are probably as well suited as the 
basis for further college wo.k as are existing special courses, 
courses * * course, a physical sdence course may be superior to special 


corrsideraiion should be gisen to the contributions of the » 
science in planning physical science courses 
eourses i-wulu of instruction in physical science 

. nd of claims for these courses such as suggested in Nos. 12 and 13 above 


A brief exturshn 
into developing a course 
In pfiys?ea/ science 


science, w^crccommenH* i'^"* own courses in physical 

science (although a corabtn ^ present texts in physical 

papers: ® fomb.nation of texu might be used), but also the following 

v„, ... 

Robinson, hl\ra G "Th r' *1. . 

tion," School Review Antil loV^* ***« fused Science Course to General Educa- 
Tenncy. Asa C . "A Ful^d pr *'■ 

on die Function of ScienreTn Report of the Committee 

x- V., D. Appi.„„ce„,s;",s " m5;r ■" 
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citing t\orl. of othen, being honest about the data, and in the social domain 
considering the proper role of scientists in the society, as well as the wa)s by 
sshich the results of scientific work ate applied through technolog)-. Thus, 
units are likel) to include all three aspects, but one or another may be 
emphasized.’ 

The teacher t\ho is conscious of the uUimaie goat— integration within the 
learner— uill therefore plan all units totiatd that end. All units s\ill deal «ith 
subject matter and materials, «iih processes of stud) and thought, combined in 
experiences best suited to die ultimate and immediate goals. Tlie difference be- 
tween units which are basically alike still be in the emfihasis put on subject 
matter . on the one hand, and upon processes of problem soiling, generaliz- 
ing. critical esaluation, and other patterns of study and reileciise thought on 
the other hand 

The key to the sarying emphasis lies in the lescl of maturity, the experiential 
background, the purposes, needs and interests of the learner. These factors in- 
escapably determine which experiences will be eduause. that it. will enhance 
the integrating growth of the learner. 


Building a unit 

Many formats for arranging units base been proposed. Surely, there is 
no magic in bosv the teacher's plan is put on paper; no format is sacred. Yet 
certain questions are critical in the planning, and should be forced continu- 
ously upon the teacher as the plan is deieloped. Among such questions are 
these: 

1. WTiy vill the pupils be interested in the unit? In its parts? Without 
imohement of the pupils, the teacher will be pushing a large dead weight 
which win drag, buckle, or stray during the class sessions. Therefore, how does 
the teacher iniohe the students so that the study utilizes their enthusiasm 
and ene^? 

2. What eiidence can be presented firsthand or vicariously which will 
stimulate the formation of new, larger concepts than the students had for- 
merly? Especially in science we consuntly appeal to the “stubborn, irreducible 
facts” to determine whether our ideas provide useful predictions. The avail- 
ability of evidence through laboratory work, demonstrations, field trips, films, 
reading may limit or broaden what we can accomplish through the unit. 

3. How can we determine the success of our instruction? What observable 
behaviors will the students exhibit that reveal learning? Unless we continually 
check upon how well we are progressing, the class operation may dissolve into 
aimless activ ity without approaching the objectives intended. 

4. But of greatest importance are the teacher’s objectives. Since we are 
viewing science as an intellectual activity, such objectives take nvo parallel 
forms: 

» Burton, op. ril, pp. 393 &t. 
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The purposes of units 

A unit 15 a planned block of study unified by those major concepts whose 
comprehension insohcs certain skilb and abilities. The plan of a unit for 
rpa? l" of the importance of the major ideas and the 

ira ion i lat t c) can has-e no meaning to the learner if they hang in mid 
m ^‘‘‘tements without roots in experience. The teacher’s central task 

hpnrfp 1 ^"' ^ c" isolation of large ideas or concepts to be conipre 
bended and significant abilities to be developed by selected experiences, 
of thp "ays a unit plan is similar to a legal brief. It is a clear statement 

festabl, 'he ar^ment and the evidence, as well as the precedents 

Such a brief support the argument and the conclusion, 
the case on ^ counsels and submitted to the judge before 

rinctforrh: •“ of the legal d.V 

dents. In school™^ f •** previous decisions used as prece- 

advance of use fo*r*^ij!e^ ^ discussed with other teachers in 

the le'-al ar?ume k further suggestions. As is quite apparent, 

..hichizr»iutsr 

or at the end of their brief Th!l in ‘he middle 

lurprise in their effort to ro ^ ^ T’' histrionics, pathos, suspense, 

Effectise unit desien nee * ^ ^ diagnosed in the unit plan. 

oIlta„,i«g,„octurring.S’”“‘“ '"'"'"S 'll"™!'- W" 

cation, skills and abilities atntudM ‘”^^‘"‘*‘‘0“' concept modifi- 

» a plan by which The unit 

in search of meaning.” ^ ^ provide a rich and diversified “experience 
The initial definition of a unit and • i. j 

standing rather than mere recall wer^^. . . P°’«'^“=‘hties for evoking under- 
there hase been many labels eiven lo T- Morrison. Since then 

e'sperience units, and so forth Gra I **ii'** ^“hject matter units, topical units, 
tluced. Until in 1945 Smf.k i 1_ i possible variety of units was re- 

".igl.. be, ““'"I”* "ta the pri™,y „I „„it. 

S- Criiicl mi„. u„i„ .“.Ir 

Bbrion. b “'’““'S ™ial still, and ahll.ik.. 

uurton* observed in 1952 ,k„ .u 

“”iu.bui»i,h,„ j ‘hae «?«!. nectaarily appear in all 

Of units, vve v^ould probacy feel ih?/***"*' Smith’s three types 

units.” Bu, are CO?" "ouM he "proc- 

a > Hies. And often we arc ro n., '^**** ®’‘®hlishing critical skills and 

iT^ihanji s '”*** ^rablishing policies: properly 

N- V, Iso" uncord. 46, 219. 1913. 

e «-«««, 2nd ed,, Appleton-Century Crotes, 
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uneousi). and the format of the unit ser\-es a tery useful purpose sshen it 
makes this dear. 

More recent unit plans ha\e indicated an atsareness of this simultaneous 
deselopmeni by arranging the objectises, actisities. evaluation ideas, and esen 
the bibliography in parallel columns. But no published plan which sve hate 
seen includes all these factors. Therefore, a new design is presented here 
(Table 17-1); perhaps it may be useful. 

So far, our discussion has included the components which arc essential 
to the practicing teacher. But othen. school administrators, parents, are also 
interested in the essential purposes of the planned instruction. Therefore, a 
brief preamble, or "otertiew," which explicitly describes the relation of this 
unit to the general goals of the total school program, is often desirable. An- 
other prefatory section might indicate sesera! possible means by which the 
attention of the students could be focused on (he unit. 

Teacher objectises should be terse and clear. These are statements of 
concepts to be built through the students' actisiites. Unless the concepts are 
clear, you will not know svhere you or the students are headed. Burton has 
recommended die form: “Undemanding that — Grammatically this must 
be followed by a complete and explicit statement A common alternative is 
“An understanding of — but where docs this lead us? Generally, sve will 
find something like this. “An undersunding cf the relation between a plant 
and its enNiionment." Ot a statement like this: “An understanding of the 
fi\e simple machines." IN'hat relation? What undemanding? No other teacher 
can tell w-hat is sought, and esen the user of such a unit cannot tell when he 
has accomplished his purpose. Class lime is brief, and our responsibilities are 
many; we must be explicit so we can tell svhen we ha\e been successful. The 
form in sthich see present our unit plan can serse to force us to ask the neces* 
sary questions and keep our purposes as teachers always before us. 


TABlf 17-1 (font.) 
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a. ^V’hat large concepts are sought? 

b What aspects o£ scientific inquiry can be illustrated through the 
deselopment of the new or enlarged concepts? 

e might describe these tuo types of objectives as the products of science and 
tlie process of science Of the tvw> the process is of greater importance, for ii 
will be available to use on new problems yet unknown to the students. How 
ever, v/ithout some products to build upon, no process can be practiced or 
illustrated. The two are as interdependent as a refining plant and the raw 
materials to be refined. 


The funcHon of formaf 


ow the function of the format used appears: its purpose is to keep be 
ore t e teacher the several questions which must be considered simultaneously 
n many units published some years ago the various questions were considered 
ITrTu'i’’ •“cter’s objsclivc, ofitn in con 

in .b r cioually came a series of interesting aclicicin 

in tne lorm of ext^r.menls, SeW trip,, demonsiralions, and such. Belm All 
hrn Jr.T " Pnn'biliiies and ifien probably a bibliography lhal mighl 

L ah lb “ '““PI''" “ -Pb' objeerL nere glinted 

to be doi!^ to that dreadful moment at the end when something hid 

be done about grade,. Actually all these aspect, of teaching go on sitnul. 
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illustrated and practiced through this study. First, there is a need for classifi- 
cation in both kind and amount. We isould need to isolate the factors prob- 
abh influencing the grosvth of a plant. Many of these, like rainfall and tem- 
perature, are expressed in numerical form, so "how much?” becomes impor- 
tanL Graphs might be desirable. Many predictions svould be made and 
checked b) obsen-ations. The peculiar nature of negative esidenra (“sve ex- 
pected lad)-slippers but found none”) svould ha\e to be considered. The im- 
portance of lime for experimental studies in biologs' would be obs-ious. Like- 
svise, the msTiad of specific observations necessary in any study could not 
be asoided. Efforts to group and describe the environment according to cer- 
tain Dot-obsious attributes like soil acidity Mould be necessary. A much larger 
list could be continued from here. 

\Vhat supporting materials might be used? A great variety of periodicals 
on fanning, gardening, and forestrs could be used. The Yearbooks of the U. S. 
Department of .Agriculture u ould be very helpful. Texts on biology and botany 
should be at band. And special attention should be given by the teacher 
during the planning to two excellent publications: Handbook for Teaching 
of Conservation and Resource-Vse* prepared for the N'ational Association of 
Biology Teachers, and Conren-aiion Edueatton in American Schools* pre- 
pared for the .American .Association of School Administrators. Both of these 
books hate many references and suggested activities. In addition, considerable 
useful material can be obtained from various indusrries concerned uitb farm- 
ing, baking, and nutrition. 

A unit on this topic could lie in. before or after, with a study of geology 
and the formation of soil, with a discussion of evolution; with wise land- 
usage and conservation; with meteorology: with nutrition; with practical 
gardening, and local town and school beautification; with the dependence of 
all animal life upon plant life. .Any study in science has so many contacts 
with other general topics that coherence vviihin a course is easily obtained. 
The teacher need only scout the possible leads in advance, and emphasize 
those leads when they appear during the unit to set up the extension of this 
study through the next uniL 

The previous knowledge and concepts of the students, their readiness, is 
now put to work. Recall is necessary, and personal review is probably desirable 
to clarify points that now take on nevs' significance. The opportunities for work 
at different leveb of ability are obvious- So is the involvement of many skills 
in gathering information and organizing it in compact form (charts, dioramas, 
models, garden plans, model farm plans, reports on local areas, etc.). Each such 
artivity, in which the student feels a persona! pride and responsibility, en- 
courages him to seek out ever more infonnaiion, so that his final report will 
be as accurate and comprehensive as possible. 

Now the material above is not a unit. It is only the first exploration of 

♦Richard L. VVearer, Interstate Printers aiwi PubUdien. Danville. lit.. 1953. 

•Ajuerian Assodaiion of School Admintsmtot^ Taentj-Kinth Yearbooh. Consmalim 
Education in AmerKan Schools. XtA, J9SI. 
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An approach to a unif on plants and their environment 

Consider now what changes occur if we restate the first example abo>e in 
the form "Understanding that — We come to something like this- "Un 
derstanding that the growth of a plant u intimately related to its iromediatt 
environment.” Notv what do the words mean? ^Ve can accept common experi- 
ence as protiding a starting point for xvhat is meant by "growth” and "plant. 
Blit how about "intimately relatctl" (in what ways?) and "immediate emiron- 
ment” (how immediate, what aspects?)' Our format has led us to a series of 
subquestions whose answers are the building blocks upon which the larger 
concept rests. Some of the subconcepts might invohe investigation of; 


Importance of rainfall: average, maximum, minimum, annual disiribu 
tion, flooding. 

Temperature and its range’ average, maximum, minimum, where meas- 
ured, period above some minimum for plant reproduction, life-cycle of arctic 
plants. 

Sunlight; amount, annual variation, local shade. 

Soil composition, texture, acidity, mineral abundance, water table, and 
plant root depth (desert planu). 

Presence of predators- insects, mollusks. animals. 

Characteristics of plants generally found together. 

How man a activities disrupt die environment. 


To reach any type of valid (trustworthy) gencraliraiions about the tignm 
cance of these and other factors, the best (how do you know it is "best"?) 
growing ronditions for many different plants would need to be defined. This 
might take the form of "one plant-one student" after the list of important 
been started cooperatively. Since additional factors would be dis 
vered during the imesugaiion, the initial list need not be all-inclusive. 

u'?' obtained? Partly, surely, through direct experi 

ruoranr ; i!*' ‘be plants to grow enough, and 

aSd evideL 'fi"^ conditions. Films might add certain information 

H S™"- "ip » . L™., a pond or m.r.h, th= 

S.dro„„n ' T » « l.and-.,o„ld pu. ,h= ..nd, 

bilitief Soe-.V ^^®"bou$e, cither commercial or private, offers many possi 
haps a parent!,? TV an experienced flower gardener (per 

po~biM ' , '“S» “"'■I b' 

d.epait„n„o'irdTT' ‘^■*”'“"5 "I”" *>>' communiiy. In a largo ciiy 
Th"e a " or a rounrr, .chool. 

and concepts demand information 

■■■aoshf b“ "'"“W "O. ne„».rily b= 

edge about each are ^ i ohildrcn nould have some previous knoal- 

Perhaps we shn , review and adds meaning to former studies. 

P we should consider what aspeas of scientific process might be 


INVENTIONS 


SCIENCE COURSES 



illustrated and practiced through this study. First, there is a need for classifi- 
cation in both kind and amount. We would need to isolate the factors prob- 
ably influencing the growth of a plant. Many of these, like rainfall and tem- 
perature, are expressed in numerical form, so “how much?" becomes impor- 
tant. Graphs might be desirable. Many predictions would be made and 
checked by observations. The peculiar nature of negative evidence ("we ex- 
pected lady-slippers but found none”) would have to be considered. The im- 
portance of time for experimental studies in biology would be obvious. Like- 
wise, the myriad of specific observations necessary in any study could not 
be asoided. Efforts to group and describe the environment according to cer- 
tain not-obsious attributes like soil acidity would be necessary. A much larger 
list could be continued from here. 

What supporting materials might be used? A great variety of periodicals 
on farming, gardening, and forestry could be used. The Yearbooks of the U. S. 
Department of Agriculture would be very helpful. Texts on biology and botany 
should be at hand. And special attention should be given by the teacher 
during the planning to two excellent publications; Handbook for Teaching 
of Conservation and Resource-Use* prepared for the National Association of 
Biology Teachers, and Conservation Education tn American Schools,* pre- 
pared for the American Association of School Administrators. Both of these 
books have many references and suggested activities. In addition, considerable 
useful material can be obtained from various industries concerned with farm- 
ing, baking, and nutrition. 

A unit on this topic could tie in, before or after, with a study of geology 
and the formation of soil, with a discussion of evolution; with wise land- 
usage and conservation: with meteorology; with nutrition; with practical 
gardening, and local town and school beautification; with the dependence of 
all animal life upon plant life. Any study in science has so many contacts 
with other general topics that coherence within a course is easily obtained. 
The teacher need only scout the possible leads in advance, and emphasize 
those leads when they appear during the unit to set up the extension of this 
study through the next unit. 

The previous knowledge and concepts of the students, their readiness, is 
now put to work. Recall is necessary, and personal review is probably desirable 
to clarify points that now take on new significance. The opportunities for work 
at different levels of ability are obvious. So is the involvement of many skills 
m gathering information and organizing it in compact form (charts, dioramas, 
models, garden plans, model farm plans, reports on local areas, etc.). Each such 
activity, in which the student feels a personal pride and responsibility, en- 
courages him to seek out ever more information, so that his final report will 
be as accurate and comprehensive as possible. 

Now the material above is not a unit. It is only the first exploration of 

‘Richard L. Weaier. Intentate Printers and Publishen. Danville, 111., 1955. 

vAmencan Association of School AdmimsiraMw*, TtB«nt>-Nin{h Yearhooli, Conservation 
Education in Amencan Schools, NEA, 1951. 


THE UNIT IN THE COURSE 351 



what might go into a unit and how it might be a useful teaching device. We 
hav e not considered how the students might be interested in this topic, but 2 
variety of possibilities based on the local environment come to mind. 

One major point about such planning must be emphasized. II does not 
determine or lesirul the classroom procedures of the teacher. What we haie 
one is to make an intellectual reconnaissance of the potentialities of a topic, 
to see what it might contain in terms of iiifomiation, concepts, and student 
invo vement This would be done irrespective of the manner in which the 
material was considered in class. A college professor lecturing to a thousand 
siuc.ents at a time would have examined the possibilities in much this way. 
How he might present the evidence at firsthand, of course, would differ from 
t e possibilities available to a teacher with a small class adiacent to a park 
or a vvooded area or even a well planted school yard. 

^ t least two criteria will influence the decision as to whether or not this 
material is ever used in class. First, the local facilities, the “hardware" of 
evidence,” may not be adequate for the proposed 
obtained or some other topic used instead. Sk- 
ond h= pa,t™l„ ,de., be developed and ,he example. 0l how .he .cienlh. 
he ^ ^ealih of preparatory detail that the time could 

in one of iK ^ '^“•erial. (An example of this occurred 

Lks h^.f at Harvard. A total of sN 

Newtonian nl ” ^ seated for the consideration of certain simple aspects of 

P°"" Vy .h.» sierali..- 

onstratinns ih. sections, all with numerous dem- 
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lises “distortion free to 20,000 cjdes”; what does this mean? Can these upper 
frequencies be heard' If so, does their absence male a significant difference in 
the quality of sound heard? What is a woofer? A tsv-eeter? Why is a 35y^ rpm 
record “long-playing"? Can records be made svhich are still longer-playing? 
What is a bass-refle\ speaker cabinet and why is it recommended? 

How can bacteria be killed by "just a sound wave”? Are there sounds sve 
cannot hear? Hosv do birds, insects, and mammals communicate? Do fish make 
noises^ How does sonar work? If you were at sea 50 miles from a hydrogen 
bomb blast on a small island, svhat would you expect to observe? 

I\liy, sometimes, do we hear a throbbing from the engines of a multi- 
engined aircraft? How is a piano tuned? Wliy do school orchestras often sound 
so off tune? Why do a flute, violin, and clarinet, all sounding the same note, 
sound different? How is a violin tuned? How is a trumpet tuned? Can I make 
a musical instrument that really plays? 

IVhy can't v\e hear well under the balcony in our school auditorium? 
Why does music sound so different when the auditorium is empty during 
practice compared to when there are many people in the audience? 

How can geologists study the inner parts of the earth or determine the 
thickness of the ice cap in Antarctica? How can oil men tell where to drill? 

How can we get answers to all these questions? 

Possibly the teaclier would begin with certain major concepts as his 
objectives. Alongside would then be listed some of the behaviors vvhieh would 
indicate the undentanding sought (see Tabic 17-2). The list in Table 17*2 
can, of coune, be extended with many additional specific objectives. As we 
ate not attempting to create an exemplary unit, but only to indicate how units 
an be shaped, we shall end the list and restructure the items cited. Ifhat is 
now needed is the working part of the unit, the lisiing of evidence that the 
students would need to convince themselves of the undersundings listed. 
Also, we must indiaie the materials necessary for providing this evidence, 
both "■hardware" and reading materials. In this particular subject, most of the 
phenomena can be experienced at firsthand by the student so that reading is 
mostly supplementary, except for large scale applications (seismology) or special 
devices (sonar). We shall indicate some possible experiences, but each teacher 
vvill see others that could be added to the list. IV'hat will be done in a particu- 
lar classroom will necessarily depend upon both the materials immediately 
available to the teacher, and his own prefctcnccs. 

As wc illustrate an approach to the lormadon oI a unit plan, one point 
is surely clear: cooperative planning among a group of teachers (not only from 
the subject area involved) will provide a richer set of ideas and exjwriencc than 
a single teacher would readily see. 

In the design presentevl in Tabic 17-3, wc have included some pervasive 
objectives dealing cither with how scientists operate or with the attitudes 
imposed upon the learner by the evidence at band. The search for the limited 
understandings through the operations indicated would provide many- oppor- 



TABLE 17-2 Beginning of a unit plan on sound ond music 


The undersiandmf that 

! Sound tratels only through a material, 
or medium 

2 Sound Iraiels at diHerent speeds through 
different materials. 


S Sound phenomena can be described by 
a tvaie model compression and raretaction 
m a gas 


4. Sound originates tn a sibralion. 


6. All columns can also Mbiate 


6 Hapid sibrations are heard as high 
pitched sounds, slow sibcaiions as low 
pitched sounds 

7. The human ear is insemiiive so very 
low and very high /requencies 


8, Musical sounds have periodiaiy or 
structure, while noise lacks siruciuie 

9. mat is pleasing sound so one person 
may be unpleasant to anothec. musical 
tastes are highly influenced by she culiure. 


10 An obji 
will begin tc 
to sound of 


ect which will emit a psen puds 
D sibraie ('singT when exposed 
the same pitch <resonaiKc) 


11. Most vibrators emit 
of frequencies consisting 
and a blend of oietlones 


a eotoplex paltan 
of a fundamenul 





sdily leBected from 
absorbed by io[t 


1 Predicts no sound on the airless moon, 
predicts su> sound in a vacuum. 

2 Predicts faster sound speed through 
water than through air: can interpret a 
seismograoi; demonstrates how oil pros 
pectort can locale salt domes, predicts "sound 
mirages" on foggy days. 

J Seeks a model to account for sound 
phenomena, can h.tndle frequenci-waie 
length problems, demonstrates nature of 
wase model, using "slinky" or other spring 

4. Upon hearing a sound, searches for >i 
braimg source: creates vibrating sound 
sources drum, string, reed. 

5 Can tune an "organ pipe" of hoiile b* 
changing length of air column; explains pita 
changes of valved horn, slide whistle 

« Predicis pitch from rate of vibration. 


7 Suspects that animals (birds, insects, 
mammals) emit sounds we cannot hear, slow 
down record or tape recording to hear i 
audible" highest pitches 

8 Uses oscilloscope to observe petiodit 
paliem in musical sounds. 


9 Is willing to listen to "odd" mosi^ 
compares structure of modem music (Honef 
ger. Piston) to Bach. Brahms, compares \t« 
etn music to Oriental music (Indian, Chi 


10 Demonitrati 
"bandwidth" of r 
ohiects. inquires 


searches fo' 
with various 
icture of the 
radio recep 


II. Uses oscilloscope 

forms; predicts from 

yils possible overtones; 
pattern as providing tin 



12 Suggests draperies to lessen ^ 

anditonum, predicts less echo when seats 

occupied than when empty. 
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tunities for the development of the pervashc objectives. Yet these are often 
difficult to anticipate in detail. The teacher necessarily must “play by ear” as 
the investigation develops. This is where his comprehension of the nature of 
scientific vvorl. appears. If he is hurried and anxious to “pul over” a large 
number of limited understandings closely tied to particular evidence, he can 
avoid the larger understandings. TTiis unfortunately happens often. But the 
same topics and evidence, because they are part of science, contain examples 
of how scientists work. The pervasive objectives are right at hand in the 
material, if the teacher wants to see and dev'elop them. 

The design in Table 17-3 is not complete— purposely so. It is not meant 
to be adopted by any teacher. It is presented simply as a beginning, an ap- 
proach, which may help teachen plan their own personal inventions in units. 

Resource un/fs 

The tvpe of unit we have been suggesting would probably be known as a 
resource unit. It is not intended for any one particular classroom. Rather it 
should contain so many possibilities that teachers in quite different localities, 
with quite different approaches, could select from it concepts and evidence 
appropriate to their intentions. 

Any resource unit of this son is only a means of clarifying the possibilities. 
It is not a rigid plan that must be followed in the classroom. In fact, quite the 
contrary is intended. By analyzing in advance the concepu that might be de- 
sireil, the involvement of the students, and the materials that would be needed, 
the teacher is freed to focus his attention on the processes by which the stu- 
dents learn. There is no need to start at the “beginning" of the unit. Any 
question will provide a starting point from which the students vviU gradually 
discover that they need most of the concepts in the unit plan. Directed ques- 
tioning. a novel demonstration, attention on explaining some overlooked 
phenomenon can extend the study until most of the undentandings have been 
ronsidered. The long-term plan is a basis from which the teacher can draw his 
daily lesson plans which take form as the investigation proceeds. ^Ve doubt 
that specific daily plans could or should be made far in advance, for this 
restricts the flexibility of the investigation. 


Units in their context (their curricular environment) 

Have you noticetl that nowhere thus far have we tommcnced upon tlic 
grade or even the course in which either of oiir sample units might be placed? 
This was deliberate. 

Wicrc do you believe a unit on ptanu and their environment would be 
most appropriate? If you have difficulties pinpointing its position in the cur- 
riniluni. you l>cgin to sec that a subject area like this could readily be per- 
tasivc throughout the total curriculum. Certain introductory or simple aspects 
could l)c devclopal in the primary grades and extendeil in the intermediate 
Rtades. In the junior high years additional information and bigger concepts 


TMt UNIT IM THf count JSS 



MBIF 17-2 Beginning ef a unit pfon on sound ond music 


Teacher ob/i 


1 he understandinj that 

1 Sound tra\els onl) ihraxjgh s matenal. 

2 Sound ira'fls atdiflerent ipeedithiough 
difTerent maierials 


S Sound phenomena can be descnbed by 
u*ave model compression and lareiacuon 


4 Sound originates in a \ibralion 


5. Air columns an also sibrate 


6 Rapid sibrailons are beard as high 
pitched soimda, sloiv sibrations aa low 
pitched sounds 

7. The human eat is insensitive (o veiy 
low and very high irequencies 


8 Sluslal sounds have periodicity or 
structure, while noise lacks sitoaute. 

9. What IS pleasing sound to one person 
may be unpleasant to another, musical 
tastes are highly influenced by the enhure 


10 An object V 
will begin to >it 
to sound of the 


iich will emu a pven pitch 
ate r»og”) when reposed 
atne pitch (resonance) 


a complex |»ttctQ 
of a Cundamental 


12. Soi 


'es are readily leHetteil from 
but are absorbed by soft 


1. Predicu no sound on the airless moon, 
predicts no sound in a vacuum 

2. Predicts faster sound speed through 
vvaier than through air. can inierpret a 
seismogram, demonstrates how oil pros 
peclors can locate salt domes, predicts "sound 
mirages" on foggy days 

J. Seeks a model to account for sound 
pbenomeiu, can handle frequency waic 
length problems: demonstrates nature of 
wave m^el, using "slinky" or other spring 

4 L'pon hearing a sound, searches for vi 
bracing source: creates vibrating sound 
sources drum, string, reed. 

5 Can tone an "organ pipe" or bottle b* 
changing length of air column; explains pitcb 
changes of valved horn, slide whistle 

6. Predicts pitch from rate of vibration. 


7 Suspects that animals (birds. lns«ti 
matnmaU) emit sounds v«e cannot heat, ito* 
down lecoid or tape recording to hear ‘b' 
audible" highest pitches 


8 Uses osnllescope to observe penodie 
pattern in musical sounds 


» Is willing to listen to "o'''*'’ 
compares sltuclure of modem musii: ("0"CJ 
get, Pisioii) to Bach. Brahms, compares Wn 
etn roosic to Oriental music (Indian, Cti 
uese) 


10 Demonstrates It 
“bandwidth" of reson 
objects, inquires aboi 
inner ear. compares 


I ellect: searches tot 
It elTecl with vano^ 
the structure of '•'« 
,und to radio recep- 


11. Uaes oscilloscope to observe "• 
fonnv predicts from inatheinaucai a^^ 
ysis possible overtones: recognires over 
pattern as providing timbre of tone 


12. Suggests draperies to lessen echoes m 
auditorium; predicts less echo when seats 
ociupied than when empty. 


inventions 


SCIENCE COtnsES 


Pupil objective 


Evidence 


Equipfnent 


References 


I. What u a 1. Assorted rxperi- 

sound? enre with soucids. 

\Vhat makes a rattle? Much ma) be drawn 
from presious ex- 
perience, 

2 How does 2 Sound signals 

sound traieP through pipes. 

Do hsh hear our yardsticks, water, 

noises in a boat? steel rails. 

3, Docs sound 3 Same as abose. 

traiel at the same Seismogram, 

speed in all mate- Echo eflects. 

rials? lending ol sound 

Xow can ise find out direction by changes 
about the internal in atmospheric tern- 
structure of the peracure and hu- 

earth? nudity, 

ilow can oil deposit! Films on oil- 

be located* prospecting. 

Why, on a foggy 
day. is it so diFTicult 
to tell the direction 
from which a sound 
comes? 

How can we A. little or none. 

tnaVe a picture of a (This Is an anaivsis 
sound? hased on esidence 

What is meant by already actyuired) 

ficsyucncs, by wase 
length? 

5. If something 5. Sound from 

has to sihrate to “empty" bottle, 

cause a sound, herw organ pipe, 

do we get a sound by Tuning by adding 
Mowing oier an water to shorim 

empty bottle? length of air column. 


1. Vibrating ruler, 1. Few needed, 

tuning forks, tocal texts for further 

cords, electric bell, examples, 

pipes, yardstick. 

swimming pool (?). 
streetcar tracks. 

2. Vacuum cham- 2. Reading about 

ber. bell. gtx>d moon and space- 

pump. flights. 

3 Seismogram. 3. Material on 

l.arge wall for echo seismograms, exam- 

experiments. pies, and their inter 

preiatien. 

Material on oil- 
prospecting (oil 
companies?). 


4. Long spring or Text reading 

a "slinky." for reinforcemeni. 


5- Empty bottles 
of xarious sii*s. or- 
gan pipe {?). tuning 
forks. 



T»6L£ 17*3 Partial vnU plan on sound and mush 


I E«airi'( o«jrcn«c 


Product of ocienllfie in{fuirf, 
UnttSed ohjcftucs 


I Assunipiion of 
an effect 


foT 1 Sound otif'inatn (tom a 
tibiaiinK NhIv. 


1. I’pon heitifij i 
WMind. aearche* (« 
tibratin^ toune 
Cream libratinj 


2 Limitations of the phenom- 


3. Further limitation of the 
phenomenon. 

Jniroiliicilon of eUetifieatlon »e- 
tOTding to selocity. 

Applieation to new topia. 
OeneraUratlon from intiijf evl- 


2 Sound (rasela only through 
nuinial; a mediiitii. 


S. The speeti of loiinit i« 
RTfam in liquult an>< solids 
than In gam. It d.iTen vlih 
other properties of the medium, 


2. Predicts no 
sound In a riniuin. 
Predicts do sound on 
the airless moon. 

3. Preilicis faslet 
speed of sound in 
kiier than In lir 
Can interpret » *»• 
mogram 

I'emonsirates how 
nil pmspetwn can 
locate uli dotnrt. 
Predicts "aound 
nilragfi" on fo?j» 
data. 


d Search for a simple mmlel 
of phenomenon 

iible*'*"'”"^' P°»- 

Isolaiion of impotiani attributes 
for model. 


oduciion of n 
ponenis, otter 
varied ohten 


ipercei*. 

tecessary 


4 Souitd phenomena can 
tJesctil.e.1 by a «a>e-raodel, 
trunpretMon rarefanlnn. 


I<e 


solid objects can oscillate.** 


4. Handles frt- 

qiiency-ki'Clensih 

problems. 

Demonctraies nature 

■nalojjue of long 
spring, •■slmV)." 


5. Can tune a 
•■pipe organ.” or 
bottle by thansinS 
length of air 

rxplains pitch of 
slide khicile, vabed 
horns, trombone. 




-."ViNTIONs IN SC„N„ 




Fupil objective 


Equipment 


References 


es Evidence 


6 How can we tell 
what pitch we will 
gel from a vibrator' 
How can we change 
the pitch? 


6 Musical inslTU- 

drums, horns, reeds, 
to be tuned. 
Examination of vi- 
bration pattern of 
single string varied 
in length and ten- 
sion (weights) 


6. Jilusical instru- 
ments of all tvpes 
Single string with 
variable tension and 
length (sonometer). 
String from hammer 
of electric bell. 


6. ifateiial on 
tnusical instruments, 
past and present. 


high 


7. \Vhat 
fidelitv? 

\re there sounds 
cannot hear? 
flow do animals 
conraunlcate’ 


IVhat is the diC- 
fcrence between a 
noise and music? 
M'h) do we like cer- 
tain sounds and not 

9- "Tiy does some 
music sound so odd’ 
'Vh) is Oriental niii- 
tic so diHerenl’ 


7 PU) vanable 
frequencv record 
20,000 qctes down 
to, perhaps. >0 
odes 

Search for most 
lensitiie range of 
fretjtieno on ear 
Examine sound 
making and sound- 
receiving parts of 
other animats. 

Listen to bird call, 
fish noise, farm ani- 
mal records. 

8. Observe musi- 
cal cones on oscillo- 
graph, compare to 


9 Search for pat 
tern in chords and 
phrases of modem 


7. Variable fre- 
quencv record. 

Good quality phono- 
graph. 

Records of insect, 
bird. fish, (arm ani- 
mal calls. 

\i*histles or other 
sound sources of 
vanable pitch. 

Dog whistle 


9 Records and 
sheet musk of mod- 
em coin po s ers and 
of Bach. Brahms. 
Record piaver. 
Records of Oriental 


I used music. 


7. Reading on 
high fidelity. 

Cunes of human 
hearing limits. 
.Material on animal 
communiation, es- 
peciaUy von Frisch 
on be« 


9. Hiitory of 
Assumptions of mod- 

rianned dissonance. 
Basis of diatonic 

Possibilities of other 


IN THE COUtSE -359 






Pupil objeciti'es 

Ei’idenre 

E/fuipment 

References 

6 How can »e tell 
tthat pitch we will 
get from a libiator^ 
How can we change 
the pilch? 

6. Musical instni- 
ments, strings, 
drums, horns, reeds, 
to be tuned. 
Examination of vi- 
bration pattern of 
single string varied 
in length and ten 
Sion (weights) 

6. MtKical instru- 
ments of all tvpcs. 
Single string with 
variable tension and 
length (sonometer). 
String from hammer 
of dectnc bell. 

6. Nfaterial on 
musical instruments, 
past and present 


7. ^Vhat is high 

7 Ptav variable- 

7. Variable fre- 

7. Reading on 

fideht)> 

frequencv record 

quenev record. 

high fidelit). 

Are there sounds we 

20.000 cycles down 

Good qualil) phono- 

Cuna of human 

rannot hear’ 

to. perhaps, 10 

graph. 

hearing limits. 

Hsu do animals 

evcles. 

Records of insect, 

Material on animal 

communicate? 

Search Cor most 

bird. fish, farm ani- 

communication, es- 


sensitive range of 

mal calls. 

pecially ion Frisch 


frcquencv on ear. 
Ejtamine sound- 
making and sound- 
receiving pans of 
other animalv 

Listen to bird call, 
fish noise, farm ani- 
mal records. 

Whistles or other 
sound sources of 
variable pitch. 

Dog whistle. 

on be«. 

8. lYhat is the dif- 

8 Observe musi- 

8- Oscilloscope. 


feience between a 
noise and music? 

Why do we like cer- 
tain sounds and not 

cal tones on osnllo 
graph, compare io 

Musical tone sources. 


9 l\Tiv does some 

9. Search for pat- 

9. Records and 

9. History of 

music sound so odd? 

tern in chords and 

sheet music of mod- 

'Miy is Oriental mu- 

phrases of modem 

em composers and 

Assumptions of mod- 

sic so diflerent’ 


of Bach. Brahms. 

em composers. 


Compare to Bach. 

Record fdaver. 

Planned dtssansoce. 


Brahms. 

Records of Oriental 

Basis of diatonic 


Examine tones used 




(scale) of Oriental 

Sheet music of 

Possibilities of other 



Oriental music 
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WBIE 77-3 Partial unit plan on sound and music {tonf.) 


TEACJitR’s olijmnrs 


inquiry. 


PrpdHft of taentifie inquiry, 
hmiled oh/ffliuei 


Behavioral objec 


10. Concept of Lnieraciion 
nicety of "fif recimrecj, 
Beginning of “loci anj ley” 
concept 


10 An ol>jen Mhich Mill emit 10 Demoiisintct 
a particular lone Hill vibrate reaonance. 
fchen FtpcKcd to that tone (fre- Frplainj "sinpng" 
<]uenc>). Rewnance (very im- of objecn. ratilios 
portant in Icrtnc of radio and of auto windom »i 
•peclral itudies) e„tain rpeeds, etc- 

F.aploret bind«ridlli 
of resonance effect 
Inquires about «mic 
ture of inner ear. 


II. Many phenomena are 
at'*^”'"'’*" •«meJ 

Mathematical pattern! aid in 
making prcdiciioni 
Intlruments aid in maling vU- 
ib'e hhami, oiliemlse 
mailed 


II. Most sibratori emit a 
«««plex paiiem of frciiuencie* 
tonnsting of a fumbmemal and 
many tnertonet which have a 
j^'cubr relation to the funda. 
mental ire<|uency. 


•idetable theoretical e\e 
ilirough bail, 
entinc investigation, 




IZ Sound waves are readily 
absorbed by u>ft aurtacea. 


11. Usci oseilio- 
srope to examine 
wave forms 
Predicts from maihe- 

matleaf relationship! 
what overtones s'* 
possible 

Recognfres overtone 
paitem M provuimj 
"quality" or timbre 
of lone. 


12 Suggrsll 
drapenw to^lcssen 

importance of allow. 
Sng for echo time in 
design of large 


Applies law of rej 
flection in predicting 
echo strength and 

Designs house fur- 
nishings to lessen 


ihventions 


SCUNCI COUHSEJ 


Pupil objectives 


Evidence 


Eqmpment 


References 


10 What males 
things "sing" or rat 
lie? 

MTiat is a sounding 
board or box for? 
Why should a 
speaker be m a big 
box? 


II. How can we 
tell the diiference 
between ih-o insiru- 
menCs sounding the 
same note? 

Does a \ibrator hate 
only one period? 
^Vh) does an auio 
shake at certain 
speeds only? 


12. M'hy does the 
school audiiorlum 
sound so empty? 
'Ihy can we not heat 
Well under the bal- 

"■h'y are some halb 
better for music or 
speaking than arc 
others’ 

How can hc sound- 
proof a liouse? 


10 Resonant tun- 
ing forks and reso- 
nant boxes. 

Fork m air and on 
hard table 
String in air and 
then oxer resonant 

Radio speaker in air 
and attached to a 
sounding board. 
Tinny sound of 
small speaker with 
small resonating 
box. 

Musical glasses. 

11. With taut 
string, intestigaie 
variety of vibrations 

Note relations be 
tween oxertones and 
fundamental. 

Define "oeiaxe." 
Oedne the diatonic 


12 Exploraiioft 
of the echo time 
and intensity m the 
school auditorium 
or gym. 

Examination of 
s-anous soundproof- 
ing materials. 

Talk by an acousti- 
cal engineer or an 
architect. 
Ksperimenis with 
draperies as sound 
trapv 

Calculations of the 
sound path in a 
large room 
Purpose of sound 
traps in newer 


10. Resonant tun- 
ing forks and reso- 
nant boxes. 

Some way to "load” 
one fork to change 
its pitch slightly. 
Siring and resonant 
box. 

Radio speaker free 
of resonating box. 
Model of the ear. 
Musical glasses. 


II. Taut strings 
for smalt groups of 
students. 

OsciiicKcope for ex- 
amining waxe pat- 

sympathetic vibra- 
tors using oxertones. 


12. Drum for 
sharp sound, cym- 
bals 

Soundprooiuig ma- 

Films on sound- 
proofing 


10. Material on 
natural period of 
xibraiion of build- 
ings. ships, bridges. 
Material on the 
structure and care 
of the ear. 


II. Explore the 
oxerione patterns of 
various fniiruments. 


12. Reading on 
careers in acoustics 
and architecture, 
.klagatine articles or 
soundproofing a 
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could be developed In high school biology or chcniistry a further extension 
could be made, and again in college and escn graduate counes. 

And uhai about the unit on sound and music? Is it suited for just one 
spot in the curriculum? 

Ur.iti and grade level: vertical mobility 

The moral is clear: An important subject is never exhausted no matier 
•ow many times it ma) be reconsidered. What does change is the complexin 
of die concepts and the wealth of information on which they resL A fitili 
gr^e unit on conserv-ation or ecology hardly exhausts the subject; it is barely 
a tieginning. but satisfies the studenu at their level of knowledge They out- 
pow this, and so further exploration is desirable. Even a high school unit 
die students’ concepts, but never “completes" a topic. 

I further study should be brought up, unanswered 

that ^ ^fiSliog SO that the student knows what he knows, and knowv 

ment “nh'* known. In iliis manner we avoid the banal state 

years ago." The teaching and the planning 
An^^^! ••openendedness" in scientific work. 

Several ^"diness of a particular class roust be considered, 

in the *'*■* sound and music are explored 

initial •»»» die topic it hardly exhausted by this 

ieSthe i *“"’>• Teachers w-e know find that 

up with avei^ee child *"**'n^*u^’ *'*' indicated can be opened 

be extended r^re .h physiological reception of sound could 

that as a comtwin J'e indicated, but sonic teachers would prefer to defer 
might be relat^to*”d^ Tlie more mathematical aspects of viaves 

to radio and light waves, and thus deferred to a physics coune. 

Unifs end course toundorms.- horizontal mobility 

necessarily extend Tnio reality, any topic within science will 

Teachen concerned with th7ioM i cunictilum- 

opportuniiies to interrrTu • ’ ' ^'^rmng of their students will search for 
they go depends u^ .K -*'*'"”^ “*P*« 'he other subjects. How far 
teachers. Some will appraisal of their responsibilities as 

relate and how leamino- and * teachers about how their two courses 

In our examnle nn *^f*r*enccs in one field can be used in another. 

Studies teacher, concerned ahn "*®*^f*t*"5 suggestions to make. The social 
people, might also have su **- 'upaet of verbal communication upof 
'iov.-n in history through •« ancient Greece and on 

public address s5stems'’nnlv It. ^ ''^^'^ss, before the development of 

5 ms, only the audience within earshot of the speaker could 


IMVENHONS 
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hear him. But public address svstems and nou* radio and television hate 
enormously increased the audience available to a speaker or performer.) The 
mathematics teacher might svelcome some opportunities to encourage practice 
on simple lime^istance problems, ratios or proportions, graphs, and scales. 

One logical end of such correlation, obs'iously. is a core approach (see 
p. 378). Unfortunatel). there are \er) few examples of core units which include 
science. Generally, the core program in the junior high grades combines English 
and social studies, but omits mathematics and science. These are "special sub- 
jects" taught with their own internal structure. Whether embracing core units 
will become popular uithin the secondary school, we do not knoiv. As see 
indicated earlier, unusualli well-informed and able teachers are needed if a 
core including all subjects is to be even contemplated. 

But there are many stages of correlation short of the core. And a certain 
amount of correlation is bound to take place in the students' minds; it will 
probably be more successful if the teacher guides the process. After all, our 
concern as teachers is to help boys and girls become integrated persons, with 
themselves, with others, with the world around them. 


A isibl/ographteaf excursion 
info deve/oping one's own unifs 

Albcrty, H. B . tl ti, "How to Make » Resource Unit." Sducotional Retearch Bulletin, 
Columbus: Ohio State Uniiersity, 1915 

Biddick, Mildred L.. The Preparaltcn and Use of Souue Units, N. Y.: Progresshe 
Education Association, undated, about 1910. 

Burion. W. H., The Cuidanee of Learning Aein-iiiet, Isi ed., N. Y.- Appleton Century- 
Crofts. 1911. Chapters 9 and iO. pp 211 509 Tnd ed., 1952, Chapters 12 and 15, 
pp. SSS-ISl 

Morrivjn, H. C, The Ptatttee of Teaching in the Secondary School, rev. ed., Chicago: 
Unhersity ol Chicago Press, IW 

New York City Curriculum Research Report. The Unit in Cutnculum Dexelopmenl 
end Instrvelion, 1950. (Probably many other cities and slate OfTicei of Education 
haie similar publications.} 

Quillen. 1. J., Using a Resource Unit, Bulletin in the Problems in .\merican Life 
series, published by National Assoaation ol Secondary School Principals, and the 
N'aiionat Council for the Social Simhes. National Education Association. Wash- 
ington, D. C., 1912. 

RMin, 11. X., Teaching Adolescents in Secondary School. N. V.; Appleton Century- 
Crofts. 1918. 

Saylor, J. G., and W. M. Alexander, Cumcvluin Planning. N. Y.: Rinehart. 1955, csp. 
pp. 589 531. 

Sliorlmg, R., Student Teaching, N. Y-: McCt 3» Hill. 1919 

Smith. U, Oihancl. \V. O. Sunley. and J. H. Shores, fundamentals of Curriculum tie- 
lelopmeni, N. Y.: World Book. 1950. 

WiKonsin Cooperatiie Educational Pbnning Proi^am. Reiouirr Units in the Cur. 
ncufum Program. Bulletin No. 5, Madison, Wire.. 1915. 

Wright, Grace S.. Core Curriculum Dnelopmenl: Problems arid Practice!. U. S. 05cc 
of Education Bulletin No. 5. Washington. D. C: U. S. Cosernmetu Printing 
Onict. 1952. 
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cou c be developed. In high sihool biolc^ or cJiemistry a further extension 
could be made, and again in college and even graduate councs. 

And uhat about the unit on sound and music? Is it suited for just one 
spot in the curriculum? 

t/nifi and grade level; vertical mobility 

The moral is clear: An important subject is never exhausted no matter 
now many times it may be reconsidered. What tloes change is the complexity 
he concepts and the wealth of information on which they rest. A fifth 
a e unit on conservation or ecology hardly exhausts the subject; it is barely 
s'^Jents at their level of knowledge. They out- 
Liv T' « desirable. Even a high school unit 

but never •‘completes" a topic. Alwap 
□ uevtinn. ' v'* further slutly should be brought up, unanswered 

that rli,.r • so that the student knows what he knows, and knows 

mem the banal state- 

before the ago." The teaching and the planning 

And" t,'"® ••->P'-=nd.d„„." i„ scientific ».rt. 

Scv=r.? c~”7’ 

in the upper elemen't. '**1* ^ explored 

initial in^ttigatioti- it’h^bZl' onhausled by ihit 

before the end r.f tSeJ • l ^ opened up. Teachers we know find that 
ttp with average childrTn SrhlwT' indicated can be opennj 

be extended mow th-. ' physiologicsl reception of sound could 

that Ta coZ„ prefer to defer 

might be related to radio and 1*^’ mathematical aspects of waves 

related to radio and light waves, and thus deferred to a physio course. 

‘'"’’iZe r™ '™“l' 

necessarily extend Tn/n '’”*^!** reality, any topic within science will 
Teachers concerned with within the school curriculum, 

opportunities to interrelat». * learning of their students will search for 
they go depends upon their*.^^ *T'” s“hjects. How far 

teachers. Some will talk with *PP””^* of their responsibilities as 

relate and how learnimr and teachers about how their two courses 

In nun 2 1 " “i' “ “n b= u-ed i„ .no.hcn 

teachers would be desirable Th surely dose ties with the music 

speech and diction mieht i,’, • *-"8fish teacher, interested in clarity of 

studies teacher, concerned alvT^ suggestions to make. The social 

people, might also have suegestioiis ‘'"P®” 'erbal communication upon 
tfown m history through the Pe.. t ** example, in ancient Greece and on 
public address systems onlv ih ^•***^ Address, before the development of 
■ wthin earshot of the speaLr could 


==I>W. COP„„ 



selves with these phases; we do this by citing examples oi policy and process 
in curriculum revision. 


Research as a frame of reference 

In Chapter 21, Appraising the Teacher’s Role: Supply and Demand in 
Science, we indicate that science leaching as a svhole has been “successful"; 
that is, if we view the entire enterprise. In the same chapter, however, we 
indicate that although valid and reliable data in science education are lim- 
ited, still, such data as are available support the working hypothesis that 
Burnett states.* 

Studies related to college preparation seem to support the hypothesis that in- 
creased power of analysis, ability in critical reading and thinking, and inde- 
pendent and reilective thinking are more important than the acquisition of facts 
for success in college. Studies of the retention of science learnings, generally 
limited to the retention of specific facts and skills typically tested for on standard 
examinations, appear to indicate that students, in the physical sciences at least, 
do not retain their subject-matter knowledge well. This low retention on stand- 
ard examinations may reflect an even lower retention of knowledge that will 
function in nonacademic situations. Various studies have shown that conven- 
tional science teaching has had little effect in reducing superstitious beliefs 
and uncritical attitudes or in developing conwiously reflective abilities to analyze 
natural phenomena or to test hypotheses. 

Emotional and other personality factors are important to success in science 
careers as well as to daily living. Yet. many conventional practices have negative 
effects on these factors. 

There seems, however, to be common agreemeni among those who have 
been thinking about teaching that the tactics and strategy which encourage, 
support, and emphasize the development of social as vvell as emotional ma- 
turity are more likely to result In success in college, than is the "covering of 
materials” approach. This too is supported by such meager studies as exist. 
But it is very clear that research studies on the effect of course structure and 
content are few; the field is wide open for research. 


tong.ferm policy as a frame of reference 

Any long-term plan must be based on general attributes which will per- 
vade the entire program. Two of these, both important and by no means 
mutually exclusive, have been discussed extensively in the early parts of this 
book: first, the pattern of bchavionif objectives, which centers the instruction 
upon the learner whose active participation is critical; and second, the general 
attributes of scientific work, which give meaning to the processes and materials 
of science. AV’hat a teacher accepts as his objectives, and wliai he interprets as 
the way of the scientist and the function of science in the lives of students, 

' R. WiU BvJitwVt. Tcacliing Sciftwc in lh« S«*n*U 7 Stho^l, RuvehatV, N. Y, 19S7, p. 99. 
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CHAPTER 18 


Inventions m science courses: 

Building the science course 
and curricuium, continued 


A note at Ike begimiagt Wc began Uiii cliaptet eigbi chapter, ago, Muallj 
Chapters 10 and 18 must be considered one chapter. For 
how can a icacher develop hi$ own course or curriculum, 
or meditate wisely on what he is teaching, unless he has 
studied what is going on in curriculum work in science? 

Having b<^n with trends in the curriculum (Chapter 
10). sve now return and develop it further, to the point 
where the teacher may. If he wishes, develop his own cur 
ricular Inventions. A warning: building a new fresh course 
takes tune: time to read, time to reflect, time to visit other 
school systems, time to test the course in class, time to con- 
sult one's colleagues. 


Approach lo curriculum revision 

under the schoolWiSn^ '*‘“'"'"5 ^'‘periences provide* 

all types. g‘"d=nce-courscs. club work, and extra class activities o 

integrated iLt it tMcherwh**'*^ ***' science is so planned am 

swer is no. Frcquentlv u.. „ ** tf"* ** teach. Too often the honest an 
rate, independent courses * layer-cake program of sepa 

and development of abiliUes are" notV^ in comprehension 

toward the desien of a ' *‘r«sed. The trend, noted in Chapter lO 

the old series of courses is Program in science indicates that 

unity and coherence within scrutiny. As this effort to creait 

look for guide lines? s«cnce curriculum is extended, where shall wc 

from rtsearcT, from"Ioh^''*’ ®re those which emanate 

Ptocesso/curTiorium rer-rXrS.K"'^'”'"^ experience in the 

“Tee sections which follow concern them- 
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selves svilh these phases: tve do this by citing examples of policy and process 
in curriculum rev ision. 


Research as o frome of reference 

In Chapter 21. Appraising the Teacher's Role: Supply and Demand in 
Science, sve indicate that science teaching as a whole has been "successfur'; 
that is, if sve view the entire enterprise. In the same chapter, howeser, we 
indicate that although valid and reliable data in science education are lim- 
ited, still, such data as are asailahie support the working hypothesis that 
Burnett states.' 

Studies related to college preparation seem to support the hypothesis that in- 
creased pwwer of analysis, ability in critical reading and thinking, and inde- 
pendent and reflectise thinking are more important than the acquisition of facts 
(or success in college. Studies of the retention of science learnings, generally- 
limited to the retention of specific facts and skitU typically tested for on sundard 
examinations, appear to indicate that students, in (he physical sciences at least, 
do not retain their subject-matter knowledge nell. This low retention on stand- 
ard examinations may reKeci an esen lower retention of knowledge that will 
function in nonacademic situations Various studies hate shown that conten- 
lional science teaching has had little effect In reduong superstitious beliefs 
and unerttical attitudes or in deteloping consciously refleciite abilities to analyre 
natural phenomena or to test hypotheses. 

Emotional and other personality factors are important to success In idence 
careers as well as to daily living Yet. many comemional practices hate negatite 
effects on these factors. 

There seems, howeter, to be common agr<«nient among those who have 
been thinking about teaching that the tactia and strategy which encourage, 
support, and emphasize the detelopmeni of social as well as emotional ma- 
turity arc more likely to result in success in college, than is the "cotering of 
materials” approach. This too is supported by such meager studies as exist. 
But it is very dear that research studies on the effect of course structure and 
content are few: the field is wide open for research. 


tong-ferm policy as a frome of reference 

Any long-term plan must be based on general attributes which will per- 
vade the entire program. Two of these, both important and by no means 
ttiutually exclusive, base been discussed extensively in the early parts of this 
book; first, the pattern of behavioral objectives, which centers the instruction 
upon the learner tv hose active participation is critical; and second, the general 
attributes of scientific tvork, which give meaning to the processes and materials 
of science. W’hat a teaclier accepts as his objecutes, and what he interprets as 
the way of the scientist and the function of science in the lives of students, 

'R. Will Burnett, Teac/twg Science in (fct Sfwmtton' 1957. p. 99. 
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(leiermine his long-term and shortterm policy: and policy affects count 
stiULiure. 

One example of long-term planmng which takes account of both sets of 
cnieria ^^as issued in 1956 by the Maryland State Department of Education. 
To the reader: We consider thu an excellent statement of policy. If tee had 
not "discovered" it, tee should have had to elaborate one very muck like it. 
Xolicc the form of these statements, i( is close to the pattern of objectisi: 
behavior which we considered m Chapter 6. 

Only the portion dealing wth sdence in the secondary school is included 
here, the report includes, however, much on both elementary and secondary 
education.’ 


1. A good high school science program n organized and carried out to provide for: 

a. A growing *noi.-/edge of scientific pnacipUs. The number and complexity 
of principles involved in the problems will increase at higher grade levels, 

ExAxtPLES' In the junior high school concepts and principles concerning 
electrical circuits are siioplc and lew in number. More complex principles are 
introduced in later courses concerning circuits through electrolytes, vacuum 
tubes, selenium rectifiers, transistors, and other media 

b. Facifily in making applications to life situations. 

Exasiples Pupils interpret weather forecasts in order to make necessary 
adjustments in their activities and plans. Pupils experiment to compare the 
quality and cost ot canned with iresh orange juice. 

c The development of scieniifie altitudes and skill in the scientific meth 
0(f[il. 

Exampus Pupils show curiosity about the earth satellite and new concepts 
of space. Pupils suspend judgment until convinced by evidence about battery 
additives and other consumer products 


tms 0/ jou/h* teeks to provide for the immediate prob- 

a. Some prablems are peisonal 

t Some problems ate physicaL 

related to “PP*? *ricntifie facts about health problems 

tubSo°ra:d -d to heart disease" cancer. 

PupdS •changes m the living of people. 

such as waierDtoofinff a Ivi * effiaency tn planning and performing tasks 
and mater o '*>•"6 > tile floor.°rupiu"purchase goods 
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4. A good high school sacnte program provides opportunities to work u’lfh 
everyday materiab in the environment. 

Examples: Pupils collect and nuintain lising plants and animals in the class 
room. Pupils construct science equipment such as motors and animal cages. Pupils 
study and experiment s>ith atitomobnes. 

5 A good high school science program implements other c«rn’c«/jr areas and ts 
implemented 6v them. 

Exampi es- Science fair project scrite-ups are examined in the English class 
for claritv, sentence structure, and paragraph unity. Analysis in science classes 
of emplovroent data reccixed from the gutdan« department stresses the oppor- 
tunits for cmplos-mcni in die field of science. Science teachers teach the exact- 
ness of expression. 

6 A good high school science program includes provisioni for growth in the use 
of study and work skills inxolsed in; 

Locating Kientific data, handling and using science maierials eilectisely. 
obsersing and measuring objeciixely. recording data accurately and in usable 
form, generaliiing from a body of information, selecting the pertinent elements 
of a problem, using scientific socabulary accurately, checking footnotes, using 
Readers' Guide to Penodieal Literature and other library resources. 

7 A goad high school tcienee program encourages “creatwe thinking." 

LxAMPiis A box with an attic bedroom designs and later builds a plane- 
tarium sshich conforms to the geometrial plan of the room 

8 A good high school letenee program encourages the exploration of a wide 
range of science-related hobbies Suitable (acitiiies are provided. 

ExAStPLES. An equipped darkroom, an adequate supply of basic equipment 
and materials, a reasonable supply of speaaitred and technical equipment, 
labeled and scientificall) classified collections, facilities for club and special 
actiiilies such as photograph), radio, astronomy, tropical fish, horticulture, 
taxidermy, and mineralogy. 

9. A good high school science program is eharaeierited by experimental aeiivilies 
eooperolwely planned by the teacher and the pupils as on outgrowth of their 
classwoik. 

Examples: Pupils grow seeds in different light conditions. Pupils carry out 
dietary experiments svith white mice Pupib determine the effecu of filters in 
photography Pupils deselop a comervation-demonstration area. 

10. A good high school science program u facilitated by varied records kept up- 
to-date by teachers and pupils. 

Examples: Hobby progress reports, records of materials constructed by pupils, 
reports of original and voluntary experinienu, reports of supplementary re- 
search, reports of areas of special inteTrst, indications of the pupil's potentiality 
as a resource person. 

11. A good high school science program is ^eiifife. 

Examples: Emphasis on atomic energy k increasing while emphasis on coal 
is decreasing. Emphasis in rural areas is placed on relative locations of wells and 
septic tanks, while emphasis in urban areas b placed on obtaining adequate 
water supply for the dty and on filtration systems. 

12. A good high school reience program allows pupils to extend themselves along 
their lines of interest; they explore and discoi/er for themselves in situations less 
formalized than those which can be provided in the classroom. 
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Examples Time is provided for individual conferences about hobbies and 
projects. Pupils participate in sci en ce dubs under the sponsorship of science 
teachers. 

13 A good high school science program is made operative under the guidance 
of teachers who help the pupils to organize their problems and channel their 
energies toward solutions 

Examples Pupils depend upon teachers for guidance, not for answers; they 
get help in locating resource people and information. In the science laboratory 
primary emphasis is given to the solution of real problems, rather than to the 
verification of known ptmaples. 

\4 A good high school program makes use of a variety of human and environ- 
mental resources. 

Examples. Use is made of people (beekeepers, doctors). Use is made of en- 
vironmental resources (steel mills, name fish, plants and insects collected by 
pupils). Use IS made of school iaciluics (greenhouse, radio programs and TV 
programs, hobby shows). 

15 A good high school science program uses science resources otiai/a6/e in the 
central school library 

Periodicals, science reference books, science fiction, audio-visual aids. 

16. A good high school science program brings pupiU to appreciate and assume 
social and moral responsibility involved in scientific progress. 

Examples Pupils identiiy and cooperate in the solution. Pupils are encour- 
aged to discuss the implications of nuclear developments 

17. A good high school science program recognises on orderliness of the universe. 
Examples Pupils study the carbon dioxide-oxygen production qcle to see 

the relationship between animate and inaniraaie objects. Pupils discover that 
the structure, weight, and activity of a given element vieie predictable before 
the element was discovered Pupils investigate the primary source of protein 
to give them insight into the dependence of animals on plants. 

18. A good high school science program provides facilities and a unde variefy of 
appropriate maicnats of instruction in the classroom. 

Examples' Each teacher should have a self-contained laboratory-classroom 
designed to provide (or a wide variety of science activities. Each science laboratory- 
classroom should be equipped with a basic supply of texts and references, free 
and inexpensive materials, rxpersmenul equipment and supplies, audio-visual 
aids, tools, and safety equipmenL 

This statement of long-term policy and curricular design permits the widest 
invention in courses and curriculums. It permiu the widest emphasis upon 
intellectual skills and attitudes. It is an excellent framew-ork upon which the 
science curriculum can be based- The over all objectives are pervasive through- 
out the entire program, irrespective of the particular materials being con- 
sidered. The choice of subject area or problem can come from the pupils, and 
the wise teacher will evoke the searching, appraising, judging, and experi- 
menting which are the major characteristics ot science and scholarship in 
action. 

The need for a recognition of bas« other than subject matter solely has 
been examined in many thoughtful publications prepared by eminent groups. 
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TABIE 18-1 Comparison of emphasis in Iwo currkvier plons 


Cdiimlional poticiw Comn 

.W»n 

Harvard 


Common learning 


Special education 

% 

Vocational preparaiion 

h 

English 

Va 



Foveign language 

Ve 

Healih aad 


Science and 


phiiical education 

% 

iDathemaiicS 

a 



Social studies 

H 


3. education for AH Ameritan Youth.* The proposals embodied in this 
report of the Educational Policies Commission were a basic departure from 
tvhat we knorv as the college-preparatory curriculum. 

First, there svas suggested a more flexible school day. Large blocks of time, 
two or three periods or more in length, were introduced to permit the intro- 
duction of a course in "common learnings." This course dealt with basic 
social processes, communication, disutbution ol goods and services, family ILv- 
log, etc In it, attention was centered upon the problems and concerns of people 
in a modern society. 

Second, "special editcaiion" in the context ot this report was taken to 
mean "vocational education.” In the Hanard Kepori ‘’special education" 
referred to the special interests of youngsters as designated in fields of study, 
i e , science, mathematics, art, music, foreign languages, and so forth. 

Finally, in the Educational Policies Commission report, separate courses 
m English, social studies, science, mathematics, and foreign languages are not 
required per se, They are either e/ecUve or socational The Han ard Plan would 
require some of these courses 

The diflerences in curricular emphasis in the two plans are noted in 
Table 18-1. 


The process of curriculum rewsion 

As the previous chapters have indicated, the pattern of science courses 
and their internal design haie csoUed slowly oser ,he [urst hall centory Only 
two major changes haie occurred in secondary school science: the creation of 
the unified biology course and the introduction of general science. This slow 
pace IS likely to be accelerated sharply. Too many people are deeply concerned 
about science in the culture and in the scamdary schools to allow the unchal- 
lenged continuation of the status quo. The acthiUes of the physical Science 
Study Committee are a clear example of other activities to be expected. 
Teachers will be obliged to ule a hard look at what they are doing and why 
Innoi'ati on will be valued. Oearer concepts of the place of science in the school 

^Educational Policies Cojumission, National Fttuaiion . U'ashmgton, D C. 19tt 
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program, as expressed through classroom operations for diversified audiences 
of pupils, will be stimulated. 

Indisidualization of instruction far bejond uhat has been offered svithin 
the Procrustean single-track curriculum of the past svill be necessary. Greater 
diversity of cotirses for diflerent groups of children will be essential. More con- 
cern for the slow and for the able will be mandatory. Large changes in science 
courses and the patterns of such courses, the curriculum, are coming soon. 

Such changes tvill come, if for no other reason, because of the "pressures 
front below.” The rapid development of elementary school science and the 
extension of general science through grades 7 and 8 are already being felt in 
many secondary schools. The children already know much of what was formerly 
considered "secondary school science." This may well be a boon to teachers tvho 
do not have enough time to "cover" the increasing content of science. Instead 
of repeating topics the students have already had, for the same purposes, 
teachers will need to plan their inviniction so that the pupils reveal and ex- 
pand their previous learrting. 

In short, the science curriculum will have to change to accommodate 
these knowledgeable students, and the extent of their knowledge vvill need to 
be deterrnined. 

Approach fo pfonning 

Perhaps our approach to planning needs to be stated explicitly here: 
planning with stKcfents does not preclude the teacher's private pfanning 0 / a 
course or of the sequential blocks of study u-tihin the course. A moment's re- 
flection will bring to mind the consistent and predictable problems which young 
people face. Year after year they ask muclt the same questions. This, then, 
permits the teacher to anticipate the general areas of discussion, the necessary 
equipment and supplies, reading resources, fliros, and other instructional ma- 
terials likely to be useful. Without this kind of anticipation both pupils and 
teacher vvill be in a continuous race to locate essential materials. 

Planning of this general sort, in broad units, is necessary. Few of us have 
at hand the rich materials and personal knowledge desirable for effective in- 
struction on any topic that may arise. But general planning is not rigid; flexi- 
bility for student involvement is always possible. 

For example, the occurrence of some major new discovery can be foreseen 
as a new center of class attention. Mateiiak can be collected, bulletin board 
displays encouraged, and the attention of the group channeled to this new 
topic. Furthermore, investigation of any new topic will necessarily demand a 
careful examination of what was previously known, and why this is an impor- 
tant addition to, or change in, the previous scientific knov\ledge. 

As we have implied, teaching in this rich and rewarding manner requires 
the availability of many resources: fdnis, journals, numerous reference books 
of varied difficulty, resource persons who can help with information and adv ice. 
a well-stocked equipment and supply room. But. then, these are necessary for 
effective teaching even in a completely teacher-dominated approach. 
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Curriculum revision as a confinuous process 

Certainly no wise teacher will attempt an abrupt change in his course, in 
his methods, or in the general curriculum. And, of course, curriculum changes 
are not always to be had for the asking. Many people are involved in any pro- 
gram of curriculum revision, but the teacher plays a major role. 

It should be mentioned here that very few curriculums, published by states, 
counties, or cities, are prescripthe. All the curriculums we have discussed in 
this section state or, at least, imply that they are meant to be used as suggestions, 
not fiats. Of course, as we have mentioned before, a teacher cannot depart radi- 
cally from such a program without consulting his principal or supervisor. But 
he is rarely completely bound by a published curriculum. Over a period of a 
few years, gradually new approaches and techniques can be tried. Those found 
useful are retained, the others are replaced. The curriculum, in the total sense 
of the term, is continually developing. 

If the teacher is a member of a large sctiool system, he is probably aware 
that curriculum revision is going on aM the lime. For instance, if the reader 
will study Table 18-2. "Long Term Plans in Curriculum Development 1956 
through 1960” of the Minneapolis Public Schools, he will note that the revision 
of the science curriculum is part and parcel of a total program of revision of 
all courses ol study. Even as he is reading this section, committees ol teachers in 
the schools of Minneapolis are engaged in this constant round of revision. In 
this way teachers do revise the curriculum with the aid and counsel of the 
administrative and supervisory suH. 

Implementing curriculum r«vi»'on 

We should be naive in the extreme to assume that the publication of a 
city or state course of study, however it was developed, guaranteed a change in 
the classroom operation and methods of all teachers receiving the publication. 
5Vhy should this be so? 

First, communication between science teachers is meager. In some schools 
those teaching biology hardly know the names of those teaching the physical 
sciences. Often there is no communication between those housed in the junior 
high school and those in the senior high school. Teachers in one school system 
may be completely isolated from those in other systems, unaware of the others’ 
problems or instructional or curricular inventions. In addition, the centering 
of concern upon subject matter has reduced the spirit of teamwork among 
science teachers. For what purposes and on what ground should the teachers 
of "standard courses’’ in biology, chemistry, and physics meet for common 
discussions? Narrow subject matter specialization has also tended to isolate 
science teachers from concern for the total curriculum of the school and from 
knowledge of the base and substance of curriculums in other schools. Irrespec- 
tive of the direction taken in curricular changes, knowledge of what others 
have done, their successes and failures, is essential. 
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Second, throughout the nation, constructhe, sympathetic supervision in 
science is meager. In certain schools, especially in large schools, science super- 
visors are provided. Yet in too many schools little effective help to science 
teachen is provided. Vet new teachers, tvhether beginners or experienced 
teachers of other subjects impressed (comerted) into teaching science, are in 
severe need of assistance.* Wise leathers may be near at hand, but rarely does 
there exist a mechanism for bringing the beginner and the “wise old hand" 
together frequently for constructive discussions, intervisitations, and the like. 

Third, there is not enough time. Many science teachers indicate that they 
simply do not have enough time to teach as well as they might, let alone keep 
up with new trends. With growing enrollments and a shortage o( adequately 
prepared new science teachers, those in the classroom face larger classes, more 
papers, more sections, more laboratory equipment. Seemingly there is no end 
to the continual housekeeping that a conscientious teacher does. (We hope that 
some ol our suggestions in Section V, Tools for the Science Teacher, about 
laboratory squads, and so forth, may be of some small help in reducing the 
housekeeping chores.) 

Often the needed time for improvement of courses and the overall cur- 
riculum does exist, but is not available for these greatly needed activities, 
because the teacher feels obliged to take on a second job to meet his financial 
needs. We do not have an easy answer to this problem, yet we suspect that 
excellence in teaching will be recognized. With competent science teachers in 
short supply, communities will find ways and means of retaining or of attract- 
ing admired teachen vvho are effective in teaching duldren. 

Teachers, busy with the day-to-day responsibilities and often carrying a 
second job, sincerely wonder when time may be available for thoughtful course 
planning and curriculum development. After-school sessions arc, in our ex- 
perience, relatively inefficient. Summer sessions are perhaps the answer; then 
school systems would need to allocate greater funds to support their teachers 
during these ‘'free’’ months. Possibly the various patterns of governmental and 
industrial fellowships will come to underwrite this type of summer planning. 

Finally, in small schools (over half the young people go to high schools 
enrolling not more than -100 pupils among all the grades) the curriculum 
cannot be very flexible. Generally in such schools the basic curticuhtm is that 
known as "college preparatory." Yet, as wc have seen, nation-wide only about 
half the children even graduate from high school. Of those who do, around 
one-third (or one-sixth of the age group) enter college. These facts Fjeromc 
even more significant when wc consider the wide variations bcivveen schools. 
From some larger suburban schools as many as 75 per cent of the children 
enter a college, while from some small rural Khools only 1 or 2 per cent enroll 
for further education. Then sve base tljc "college preparatory" program domi- 

*ror cvidotcc o( Ihif nrcU of tcachm amt the UcL of help ihry rrcH'r, x-e- T. O. 
and V«tot. Tfi« Cons-Werf Sncnc* Trachcr, Ntx fxisland Schiwt Dottoo- 

ment Council. Caml.iidce 33, .Vfa$», IW7. ' 


sunoiKO TWt satNCt covnst ano cutticviUM. m 



TABLE 18-2 Minneapolis pubfie setieels: long-term pit 


1957-1958 

tnitietlum end ergeniuilien 
of new propam or pro- 
pam to be Termed 

Development end Mrodue. 
lion 0 / experimental mate- 
riaU or program 

ELEMtNT'BV ONLY 


Faculty Studies, exiei’d to 
other schools 

Functional Spelling, extend 
to ocher schools 

ELEMENTA8Y-SECONDA8V 



JUS, 08 .»ei. ONIV 

Guide (o Teacbing 

Eletiriaiy 


JUNIOR SENIOR HICH 



SfMOR «ICH OM.V 

Retailing. Basic Business, 
T)pes*ricing 

All Resources-second year 
on ihree-year trial basis 

Senior High School Day, 
Study o£ Office Training, 
Secretarial Ptaeclee 

195S-1959 



ELEMENTARY ONLY 

Guide 10 Teaching Reading 
in the tlementary School 
(Revised) 

Faculty Studies, extend to 
other schools 

Functional Spelling, include 
all remaining schools 

EIEMENTAKT-SECONDARY 


Guide to Teaching Science 

JUNIOR «,CK ONLY 

Guide lo Teaching 

Graphic Arts 

Guide to Teaching 

Electricity 

JUNIOR SENIOR HICH 



SENIOR HICH ONLY 

Advanced Business Prui- 
csplcs, SesMoi Shsnlhand, 
Senior Tjpesmting, Mr 
chine C^lralating 

Act Resources, thud year on 
tbree-yeat bans 

Retailing. Basic Business. 
Business Typewriting 

• By permission oE Dr 

RuEus Futnstn. Superintendent of M 

inneapolis Schools. 




deve/opment 1956 through 1960 




1937-1958 

Dmlopment of more perrrut- 
nent program of mat<ria]j 

Introduftion of compUled 
program 

Ei-aluorion of program 

Handbook on Reading 

Centet Progiam 

Guide 10 NCusic Teaching 

Faculi} Studies, Handbook 
for Tcachtn 

Guide lo Music Teaching 


Guide (oi Teaching Special 
Classes 

Handbook on Eialuating 
Techniques 

Curriculum in Health, 
Physical Educalion. and 
Recreaiion, kindergarten- 
12 

Speech Coneoioa in practice 
Soaal Studies Curriculum 


Reading. Guide to Reading, 
Listening, and \ieiMng 
Guide to Teaching Metal- 
notk 

Guide to Teaching Wood- 
isork 


Scope and Sequence in Busi- 
ness Educalion 

Shorthand I 

Shorthand It 

Bookkeeping 

Guide to Teaching Methani- 
ol Draomg 




1938-1939 


Handbook on Reading Gen- 
let Program 

functional Spelling 


Guide lor Teaching Speaal 
Classes 

Handimok on Etaluating 
Techniques 

Curriculum in Health. Physi- 
ol EdutalKK) and Recrea- 
tion. kindriganen— IS 

Comm unicaiion. Guide lo the 
Teaching of Speaking and 
Writing 


Reading, Guide to Reading. 

U'lening and \ie«ing 

Guide lo Teaching Xletal- 

Guide to Teaching Wood- 
work 

Olfice Traininj. 

Secreiarial Practice 

Scope and Sequence. Short- 
hand 1. Shorthand II. 
Bookkeeping 

Cuule In leaching Mechani- 
cal Draving 






TABlf 16-2 (coflf.) 


19S9-1%0 


ll>iliatt»n nut orgtmizotton 
tm> pngttiH or pro- 
f^am l« be wnited 


Dnflopmrnt and initadiu- 
I, on of txperimenlal ma- 
teriah or program 


CuicJo to Tcifhing 
Cnphic Am 


Senior Shorthand. Senior 
T)pe«riling. hiachine 
Calculating. Advanced 
Bufineu I’rinciplei 


nating in the smallef schooh. tvhicli have the /eu'»t coMegbtc aspirants and 
the largest numbers oi terminal students. 

While there are surely man) other factors acting to retard curricular 
changes, one other must be mentioned; ntany teaclicrs underestimate them- 
selves. All teachers an produce clunges in the curriculum: they do so every 
time they face a class. All teachers can olTer their suggestions, evi-n in the face 
of apparent rejection, They can do no less. 

As V.C nteniioncd tnucli earlier, a liegitvniog teacher should adapt to Ms 
school situation for the first year or so. Alter all, the practices in the school ate 
the result of long experience, and his is relativel) short. Hut as he progresses 
toward becoming a skillful teacher, surel) his sense oI responsibility will de- 
mand that he do whatever he can to improve not only his own teaching, but 
also the framework niihin nlfirh he teaches. 

Tlie cases of curriculum development cited earlier, along vi ith many others, 
originated in one way or another in the inuiadveof teachers (whether these be 
teachers who have taken on the additional responsibiliiy of becoming experts 
in curriculum or not). 


Art exfenefeef excursion 
info c/eve/opfng one's own 
eurricufor invendon 

MTien a teacher cries to improve his course of study, or is part of a com- 
mittee to develop a "new" curriculum, he is actually on the search for "new 
directions" in science teaching. Perhaps these directions in cuiricular revisions 
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1939-1960 

Devetopment of more perma- 
nent program of materiaU 

/nfroduclion of completed 

Evalualiort of program 

Guide to Teaching Reading 
in the Elenieniar) School 
(Revised) 


Handbook lo Parents on Ele- 
mentary School Curricu- 

Guide lo Teaching Sdence 


Social Studies Curriculum 

Guide lo Teaching 

Electridty 


Guide to Teaching Metal- 
work 

Retailing, Basic Business, 
Business Tvpeunting 

Office Training, Seoeiarial 

Scope and Sequence, Short- 
hand 1. Sbonhand 11, 
Bookkeeping 

Art Resources, evaluation of 
three veat trial project 


would be useful. How does he proceed? Logically he should proceed by exam- 
ining ihe Uteraiure. A selected portion of it has been offered throughout this 
section; more references will be suggested here. Possibly these attempts svill 
indicate the directions, some “new," some "old," whidi might prove of value 
to him. 

In man) Khool s)-s(ems and schools, the beginning teacher finds a cur- 
riculum. Out as soon as he begins teaching, he begins to thtnL. of ways to 
modif) his courses and his curriculum. Soon he is asVed to become part of a 
committee to revise the curriculum. If he is the only science teacher in a 
school, or one of two or even three, the position he takes with regard to the 
curriculum becomes especiatl) important. 

^Vhether the teacher is a member of a large school sv^tem or small, his 
curriculum will general!) consist of one of the following patterns, or some 
combination of them, or of the t)pe of variations discussed in items 18-1, 18-2, 
and 18-3 {pp. 581-84). 

Poffern A: standard sequence 

If the pattern of classes indicated in Chapter 3, Sdence Classes, conforms 
to your ideas, if the kinds of courses we have detailed in the preceding chapters 
on curricular inventions arc similar to )our own, present or projected, then it 
is probable that vou will devise jour curriculum to include the four major 
types of courses. In addition, you will prolnblr make proi-ision for the science 
shy and the science prone as indicated in Cliapicrs 8 and 9. . 

II you have bero collecting rourses of study, vou have a remarkable col- 
lection which should sene you well. Vou not only have the major courses, but 
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you ha\e ihe various i)|ies ol owrses given in any community or even a nation ’ 
ss’ith special needs and interests. Also, many school systems have curriculum 
libraries with good collections of courses. 


Paltern B; subslilule courses 

You may have tried or examined the so<alled college preparatory cur- 
riculum. and have concluded that the objectives you hold for the education of 
young people are not adequately met by the courses in that curriculum. 

Perhaps you will want to evaluate or try one or more substitute courses: 

1. A course in "physical science” for those students who do not tale, or 
cannot take, physics or chemistry (see p. 545). 

2. A course in "advanced science" lor students who want to be scicmisis. 
This course is mainly built around project work (see p. 182). 

3. A course in "earth science” for students who seem not to do well in 
mathematics (see p. 339). 


Paffern Ci a core curriculum 

Perhaps substitute courses do not lit your purposes. Possibly your objec- 
tives and your training lead you toward development o( a core eurrieulum 
around the special needs and interests of your students and their community. 

We mentioned briefly the core approach on page SG8. The available evi- 
dence indicates that only teaciters of wide knowledge and considerable teaching 
skill will be successful in a core prc^rani. Often a social studies or English 
teacher, who lacks personal study in science and the continuing assistance of 
a well-informed science teacher, will ignore or fail to see and develop the im- 
plications of Kience in the core area. Burnett stresses this point in his able 
discussion of the difficulties of the core approach in science.' 

Should you care to explore further into the core approach and general 
techniques in the development of the high school curriculum, the following 
books will be helpful. 


Albcriy, Harold. Reorganiiing she High School Curriculum, N. Y.: Macmillan, 1917. 
Leonard. Paul, Developing Ihe Secondary School Curriculum, N. Y.: Rinehart. 195S 
Stratemeyer, F. U , H L. Forkner, and M. C. klcKim. Developing a Curriculum {or 
Modern Living, N Y.r Bureau of Publications. Columbia University. 19-17. 

After these introductions to the core, you may want to study specific 
analyses of "cores" in practice. 


rnfiecnlh Internauon 
in Secondary Schooli, Bun 
(Convened by UNtsco and 
«R Will Burnett, op. 
lished Research, 1916-19}}, 


lal Conference on PuMk Educatran, Teaching ot Nt 
eau of Publicauons, Tcacheta College, Columbia U.. 
the Iniernaiional Bureau of Education at Geneva.) 
cil, pp. 293 S15. See also The Core Program Abstrai 
U. S Office of Fdocaiion Circular 485, Washington, 1 


irol Science 
'J. y., 1952. 

o/ Unpub- 

C.. 1956. 
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For instance, Lorge * compared experimental core-t)pe and control groups 
(uking established courses) by objcctise measurement in xocabulary, science 
achiexement, algebra, and contemporary affairs. He concluded that students in 
the core-type program were equal to, or superior to, the control group on ex ery 
objectixe measure. 

Other sources xvhich detail exaluatiom of practical experience in core xx-orfc 

are: 


Capebart. B. E-, A. Hodges, and N. Berdan. "An Objectixe Ex-aluation of a Core 
Program." School Rn-irur, 60.81-89, Feb. 1952. 

Core Cumeuluff* «n Philadelphia: .-in .dnalysu of Principles and Practices, Curriculum 
Office, Philadelphia Public Schools, May 1949. 

Oberholtzer, E. E., An Integrated Curncvlum in Practice, Bureau of Publications, 
Teachers CoDege. Columbia UniTCrsiiy. X. Y., 1937. 

W'ngbt, C.. Core Cumculum, Office of Education Bulletin No. 3. Federal Security 
Agency, 1932. 


Poflern D.* four years of science 

Perhaps you vill not be satisfied xxHth a core program or substitute courses. 
Perhaps you haxe e.xamined xvhac has happened to the curriculum in English, 
and xx-ondered xxhether it is possible to similarly ‘'meld" the xx-orL in four years 
of fci'ence. 

Perhaps you feel this to be a useful attempt because you beliexe that mere 
substitution of one course for another-i.e., physical science for chemistry and 
physics, biology for general science, or earth science for general sdence— or 
xxhatexer seems to be the intent of "trial and error" cuirtculum making is not 
desirable. ^Ve, you may remember from your reading on p. S2-I, burned our 
curricular fingen sexerely by attempting to substitute biology, then chemistry, 
for general sdence; hoxx cx er. sve didn't gel to do so for phx sics. 

The major reason for our failure, and xxe acknoxcledge it, xx as our peculiar 
notion that "good and interesting" leaching can get students to learn almost 
anything. We tend to suspect that most boy^ and girls of an I.Q. around 
100-110 cannot in the ninth grade master physics and chemistry as usually 
giien in the elcxenth and txxeUlh grades, nor biology as usually gitvn in the 
tenth grade. Our experience xcas that youngsters of equixaleni I.Q. made con- 
siderably loxxef grades in the same tests in the ninth grade. kV’egaxe our reasons 
(on p. 325) for sxupecung that if these courses are offered in die ninth grade, 
they need to be fitced to ninth-grade joemgsters. 

In any excnt, if only because earlier xxe promised to detail a course in four 
years of science, xxc present our efforts here. Time xx-ill tell xxhether the "course 
approach’* (separate courses), the “fused-euiriculum” (Science. Four Years) as 
detailed immediately folloxx-ing. the "core approach" (see Pattern C in this 

•Irvins Lor^e. '■Cumculum tvjluaiMKi— Bnwix llijh School of Science." High Poinu 
:<2T-37, M*v 
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you ha\e the various npesol courses given in any community or even a nation ' 
with special needs and interests. Also, many school systems have curriculum 
libraries with good collections ol courses. 


PaUern B; rybsf/iufe courses 

You may have tried or examined the so-called college-preparatory cur- 
riculum. and have concluded that the objectives you hold for the education of 
young people are not adequately met by the counes in that curriculum. 

Perhaps you will want to evaluate or try one or more subsli/ule courses: 

1. A course in "physical science’’ for those students who do not take, or 
cannot take, physics or chemistry (see p. 343). 

2. A course in "advanced science" for students who want to be scientists. 
This course is mainly built around project work (sec p. 182). 

3 A course in "earth science” for students who seem not to do well in 
mathematics (see p. 339). 


Patfern Cj a cere curriculum 

Perhaps substitute courses do not fit your purposes. Possibly your objec- 
tives and your training lead you toward development of a core curriculum 
around the special needs and interests of your students and their community. 

We mentioned briefly the core approach on page 363. The available evi- 
dence indicates that only teachers of wide knowledge and considerable teaching 
skill will be successful m a core program Often a social studies or English 
teacher, who lacks personal study in science and the continuing assistance of 
a well-informed science teacher, will ignore or fail to see and develop the im- 
plications of science in the core area. Burnett stresses this point in his able 
discussion of the difliculcies of the core approach in science.' 

Should you care to explore further into the core approach and general 
techniques in the development of the high school curriculum, the following 
books will be helpful. 

Alberty, Harold. Reorganizing the High School Curriculum, N Y.- Macmillan, 1947. 
Leonard. Paul, Developing the Secondaiy School Curriculum, N. Y.- Rinehart. 1953 
Stiatemeyer, F B , H L. Forkner, and M. G McKim. Developing a Curriculum for 

Modern Living, N Y.: Bureau of Publicauoiis, Columbia University, 1947. 

After these introductions to the core, you may want to study specific 
analyses of "cores” in practice. 

» Fifieemh International Conference on Public Education. Teaching of Natural Seienee 
in Secondary Schools. Bureau of Publications. Teachers College, Columbia U,. N. Y., 1952 
(Convened bv VSESCO and the Iniernalionai Bureau of Education at Geneva) 

»R. Will Burnett, op. at., pp. 29S SIS. See also The Core Program, Abstracts of Unpub- 
lished Research, S91S-I95S, U. S. Office of Educalion Circular 485, Washington. D C.. 1956 
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tween the desires of the indis idual and the desires of the society in ivhich he 
lives, so problems of Ihing generally involve the interaction of an organism 
(a biological entity) with its ph)’sical and chemical environment. This is merely 
to emphasize that problems of our wwld are soUed by indhiduals who tan 
correlate or fuse different areas of experience. This basic purpose is best met 
by similar learning experiences devised in school. 

The sequence shown in Table 18-S must be modified for each individual 
school. One of the advantages of this or^niration is that subject matter is used 
only as it ansuen a desirable or necessary problem. It should be clear that a 
complete syllabus cannot be presented; the lettered topics in the outline are 
merely suggestive and should serve as a frame of reference. 

do not contend that this pattern of courses has any greater merit than 
another which the reader may invent But we do say that: 

1. The comentional structure of the curriculum in terms of general 
science, biology, chemistry, and physics need not be fixed. 

2. The trend toivard election of four years of science by all pupils svill be 
accelerated when a continuous program of courses in science, given over four 
yean, has been adopted. 

One advantage of a continuous program of four years in science is especially 
interesting. It might abolish the tension betvveen schools and colleges about 
“preparatory counes" that do not seem to '‘prepare.’' Surely a student taking 
four years in a continuous program would know much about the various areas 
of science. He might be strongly "prepared’' for collegiate work, especially 
through a knowledge of how to define and attack problems, how to use the 
library and equipmenul resources, how to think and operate in science. 

Teachers in such a program would be "science teachers," not biology 
teachers or physics teachers or chemistry teachers. While this change in title 
to the equivalent of "English teacher” or '‘mathematics teacher” might seem 
novel, most teachers of science in the United States, of necessity, already teach 
more than one science; in the small schools (predominant in the U, S.), many 
teachers of science teach all the different sciences. 

18-1. These four patterns by no means sura up the possibilities. For instance, 
you may vs-ant to read S’rur Directiom in Science Teaching.''^ This volume re- 
ported on a cooperative project between seventeen secondary schools and the 
Bureau of Educational Research in Science, Teachers College, Columbia Uni- 
versity, between 1910 and 19-12. One teacher from each of the seventeen schools 
(IS public and 4 independent) worked together for three summers -with a large 
staff under the general supervision of Professor S. R. Powers. Afany useful 
new courses were designed. Among the interdepartmental courses were: 

Integration of All Subjects in Ninth Grade (Bronx High School of Science. 
New York City) 

r« A. D. Laton and S. R. Vo*,ea,SeaDiTtcti<na in Srinjce Ttarhxng, McCtaw-Hill, N Y 
IW9. 
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section), or still some other approach will become the ciirncular trend m science 
in the future. 

In the >ears 11115 to I1I53 several trial runs were made at the Forest Hills 
High School of a (ourse tilled ■'Science. Four Years.” The attempt was to de- 
sflop a four-year course cutting across subject areas Tlic youngsters svho took 
tins course (74 m two groups) cenamly did a« well in standard examinations 
and in the College Lnirancc Board examinations as did a control group. Since 
the number of students was small, we arc not going to elaborate statistics, but 
simply give our obsersations, i c., ibai these soungsters had opportunity to see 
science in relation to their problems, their own needs and interests; that these 
youngsters had freedom ond tune to discuss ethical and cmoiional problems; 
that these youngsters saw science in relation to its social context. Furthermore, 
the teacher had time to teach because he taught tlie material when it was rele- 
vant. he did not need to refer bad. Iiopcfully to another course where the 
material was taught and possibly learned. 

For instance, when respiration was studied, the sirutimc and ftinclion ol 
the respiratory organs were examined, aheobr smictures were studied under 
the microscope, dissections were made, oxygen anil nitrogen were prepared, 
and their properties (m relation to respiration) were studied; and the prin- 
ciples affecting the behavior of gases were considered. In this scry brief ac- 
count oi a minute division of science, it n clear that subject matter usually 
considered under general science, biology, chemistry, and physics is combined 
into one experience concerned wiib a life problem. 

Tlie four years of science were liiletl: Scieiue and the Individual, Scienre 
and the Family, Science and the Community, ind Science and the World, These 
titles were not merely names. Emphasis was not placed on subject matter, but 
it was learned only as it serxcil the |>ersoiiaI. socin-pcrsonal. socio-civic, and 
socio-economic needs of the tndisidual Tlie nceil of the indisidual to be a 
healthy functioning citiren involves biology and ebcmisiry, as well as physics 
and other fields. The need of the individual to l>c adequately housed is related 
to: the biology, chcniistry. and physics of sewage disposal: the biology of the 
effect of sunlight on growth and disease; the chemistry of construction ma- 
terials: the physics of forces and movements; refrigeration and veniilation-to 
mention but a few aspects. In a science curriculum based upon a traditional 
pattern, the teachers of chemistry, biology, and physics delay or avoid a com- 
prehensive discussion of any problem until another cubicle of science is 
masteretl. In fact, many of than console themvclscs by ansssering a student's 
questions with the evasive statement, ”Wr can't take this up here; wait till you 
get to physics." Possibly the boy or girl never reaches physics Almost certainly 
the pupils fail to see the totality of scientific facion which influence their lives 
daily. 

If it is a requirement of our age that boys and girls must understand their 
environment, then teachers of sdence must fulfill their function by furnishing 
the continuous experiences necessary for the understanding of related problems. 
And in much the same way that a developmental task is an interaction be- 
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tween the desires of the individual and the desires of the society in which he 
Ihes, so problems of living generally involve the interaction of an organism 
(a biological entity) with its physical and chemical environment. This is merely 
to emphasize that problems of our world are solved by individuals svho can 
correlate or fuse different areas of experience. This basic purpose is best met 
by similar learning experiences devised in school 

The sequence shown in Table 18-3 must be modified for each individual 
school. One of the advantages of this organization is that subject matter is used 
only as it answers a desirable or necessary problem. It should be clear that a 
complete syllabus cannot be presented; the lettered topics in the outline are 
merely suggestive and should serve as a frame of reference. 

^\’e do not contend that this pattern of courses has any greater merit than 
another which the reader may invent. But ue do say that: 

1. Tlie conventional strucinre of the curriculum in terms of general 
science, biology, chemistry', and phvsics need not be fixed. 

2. Tlie trend toward election of four years of science by all pupils wull be 
accelerated when a continuous program of courses in science, given over four 
years, has been adopted. 

One advantage of a continuous program of four years in science is especially 
interesting. It might abolish the tension between schools and colleges about 
"preparatory counes" that do not seem to "prepare.” Surely a student taking 
four years in a continuous program would know much about the various areas 
of science. He might be strongly "prepared" for collegiate work, especially 
through a knowledge of how to define and attack problems, how to use the 
library and equipmenul resources, how to think and operate in science. 

Teachen in such a program would be "science teachers,” not biology 
teachers or physics teachen or chemistry teachers. M’hile this change in title 
to the equivalent of "English teacher” or “mathematics teacher” might seem 
novel, most teachers of science in the United States, of necessity, already teach 
more than one science; in the small schools (predominant in the U. S.), many 
teachers of science teach all the different sciences. 

18-1. These four patterns by no means sum up the possibilities. For instance, 
you may want to read Isew Direettons in Science Teaching.'^* This volume re- 
ported on a cooperative project between seventeen secondary schools and the 
Bureau of Educational Researdi in Science, Teachers College, Columbia Uni- 
versity, between 1940 and 1942. One teacher from each of the seventeen schools 
(13 public and 4 independent) worked together for three summers with a large 
staff under the general supervision of Professor S. R. Powers. Afany useful 
new courses were designed. Among the interdepartmental counes were: 

Integration of All Subjects in Ninth Grade (Bronx High School of Science, 
New Vork City) 

i«A. D. Laton and S. R. Powers, A’cwXhVrtriw in JnVnce Teachings McGraw-Hni, N. Y, 
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TABIC 18-3 Se/ence-four years 


Firti \ear Saeticr and the individual 


I I’rohleiTu in atietjuaie nulntion 
\ Kinds ii[ food 
B Nulnims 

C ChcmiHry and |)h'Sic5 of digcuion 
and alisorplion 
D Chcniistt) ot oxidation 
E Diets in relation to health 
F. The consumer 

II The function and structure of the body 
A Diolojs. chernistry. and phssica of 

respiration 

B Diolo^ and chemisttv ol blood. 

physics and biologv of blood pressure 
C \ isfon and hearing 
0 Introductory physics of light and 

F.. Chemical tests of urine and sueat 
F. Excretion 

C. First aid 

III rresciiiion of disease 
A. IVaier borne diseases 


B Air borne diseases 
C. Human carriers 
D Infection and contagion 

E. Applied chemistry of antiseptics and 

r Imniunily 

C Public health measures 
H Sewage disposal 
IV K person's bchasior 

A Structure and function of the nervous 
system in relation to learning and to 
habit formation 
V. Leisure activities 
A, Photography 
B Nature-study 
C Pets 

D Tropical fish 
E Growing plants 

F. Radio 

C. Engineering aethities 
H Airplane models and aviation 


Third year Sciene* in Ihe community 


I. Fugenie factors 

A improiement of the indmdual as a 
conimuniiy problem 

D. Feeblcmindcdneu 

C. Birth rate and death rate 

D War as a desicoiet of germ plasm 
and produciiie ciiizeni 

II. Personal setsices 
A. Recreation 

B Medical senices 
C Education 
HI Improiement of food 

A. Chemistry and biology of pholosyo- 
theiis 

D Heredity and biologic prodiKlion 
IV. Improiement of soils 

A. Chemistry of soils, hidroponics 
B Practical gaidening 
C Ferliliters 

D. Fhisics of erosion 

E. Biological organisms 

F. Agricultural practices 
V. Conseriation of resources 

A. Coal, metals, minerals, and mining 
R. Forest and lumbering practices 


M. Housing 

A. Chemistry of material* 

B Physics of structure 
C. Heating, \eniilatlng, humidifying, 
refrigeration 
D Biologic factors 


VU. Energy 

A. Chemical energy for muxlea. In- 
cluding a fuller analysis than usual 
of chemical changei in blood and 
muscles 

B Machines 

C Fuels, water power, electricity 
D. Future of atomic pow — 


MU. Communication 

A. Telephone, radio, radar, t 

C. Fuller treaimcni of light, s 
wase phyuci 


D. Elect! 
£. Clicm 
bustit 
F. Aviati 


stry and phyiica of 
n engine 
in phyrits 


elevision 
ound, and 


• P. F. Brandwein, "Four I'ean of Science," Science Education. 29, 29, Feb. 19)5 
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Second year: Scietice and the family 


I. Rtproduclion 

A. Common animal reproduction 

B. Individual or group confereoces on 
human reproduction where classes are 
mixed, or class discussion in segre- 
gated classes 

C Prenatal and postnatal care 

II. Heiedii> 

A. Principles ol heredity 
B Emironment and heredity 
C Applicaiion to human beings 
D. Marriage 

£. The early environment of the infant 

III. Safety in the home 

A. Prevention of accidents 

B. The medicine cabinet 

C. Review of first aid 


IV. The home chemist 

A. Chemistry of cooling and cleaning 

B. Chemistry and physics of clothing 

V. The home electrician 

A. Understanding electrical appliances at 

B. Practical experience 

VI. The home biologist 

A. Maintenance of food to avoid spoiling 
B Clements of nursing the sick person 

C. Crowing plants 
D Care of pels 

E. Care of young children 


fourth jreor- Science and the wcrld 


III. The life span 

A. Bitth rate and death rate 

B. factors afieciiog productive life and 
health 

II. Raeul understanding 

A. Evolution of man and human races 

B. Brief psychology of human relatiotis 


t. Saence and technology 

A. Eftect on world economy 

B. Employment, leisure, conunuoicaiioa 

C. Intenelatiooship among people 


Integration of Science and Social Studies (Edwin Denby High School, 
Detroit) 

Integration of American History and Chemistry (Olney High School, 
Philadelphia) 

Integration of Science and English (Arsenal Technical School, Indian- 
apolis) 

Core Course on Human Living (Lincoln School, New York City) 

Integration of Chemistry and Economics (Cranbrook School. Bloomfield 
Hills, Mith.) 

Correlation of Biology and Home Nursing (George Rogers Clark High 
School, Hammond, Ind.) 

English— Science Course (New Trier Twp. High School, Wjnneika. HI.) 

Many existing courses were mtvdified. In biology the emphasis turned upon 
human development and growth. In the physical sciences the emphasis was 
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riculum. \Vhat differences do jou find in intenir In content? In phraseolog)? 

18-4. Explore the curriculum revision under wav in jour school, or a school 
nearbv . Is it being done under a long-icrm plan lihe that of Minneapolis: How 
was the revision started? MTiat enthusiasm for it exists among the teachers? 
When and how often do die committees meet? MTiat sources of information 
and ideas are used b\ the science committee? 

18-5. Have jou seen vour state's recommended science curriculum for the 
secondarj- school? For the elementarj' school? On what basis was either con- 
structed? How old is it' Wliat further modifications are being developed now? 
18-6. If JOU are now teaching, which of the inhibitors to curriculum develop- 
ment discussed in the subsection entitled Implementing Curriculum Revision 
operate in jour school? What other deterrents can vou identifj? How would 
JOU overcome those that seem most serious? 

18-7. In what wavs is the science department in jour school, or a nearby 
school, feeling the pressures discussed on page 57!r What lines of action are 
being considered? Do vou consider these actions adequate for the prcsem? 
For ten jears from now? 

18-8. l\'hat pattern of conua exists in jour community between the science 
teachers in the junior high school and those in the senior high? How much 
cooperative planning goes on to ensure condnuitj of instruction and a mini- 
mum of duplication? 

18-9. Have jou the texts for "new courses” in science, e.g., pbjsical science? 
Have you examined the vanous texts concerned with the courses jou teach? In 
a sense, a text is a suggested course of studj. 

18-10. Mliat possibilities do vou see in courses titled; 

{a) Technologv in Todav's World 

(b) Biologv and Statistics 

(c) Chemuirv of the Bodj 

(d) The Scientist's Way 

(e) Psvchologv for Seniors 

18-11. The curriculum shovm in Table 184 is an example of one recom- 
mended for the full range of students. (Notice that the excerpt we present con- 
cerns courses only; activities and projects such as those discussed in Chapters 
8 and 9 are al>o pan of this curriculum.) The pattern shown differs for the 
science prone in that earth science is offered for onlj these students in the 
ninth grade and advanced or college-level courses in the twelfth grade. In other 
parts of the country a few schooL are offering biology in the ninth grade for 
the accelerated program. 

We have occasion to wonder: Is the clue to developing the science prone 
the covering of more subject matter or the tincoeering of it through making 
available the time and the opportunin- to deal with "original” problems in 
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Section Four 


DETERMINING 
THE SUCCESS OF 
SCIENCE TEACHING 


Socrates said, "The uiieiramined life is not worth iiVing.” 

Teaching too requires constant appraisal; eien as the teacher examines himself 
and his goals; es’en as he examines himse/f as a human, aside from his goa/s 
as a teacher. Ever)- thoughtful teacher wishes to know as clearly as possible 
what effects his course has upon the students. He wants this information for 
four main purposes. 

for changing and improWng hts teaching 

2. for anaJj-zing the strengths and weaknesses of individua? students 

3. for predicting how they may perform in the future 

•i. for grading his students 

TJiese are four separate operations which the teacher desires from his evalua- 
tion. Jf tlie fint three become slighted through emphasis upon the fourth, 
useful information that ii ould help the teacher appraise hts teaching will be 
lost. 

Soniehoiv n-e must assess the learning, or changed behai-ior, resulting from 
our teaching. Such e\'aluation is inei'itably two-way, for the accomplishments 
of the students mirror our eff ectii cness. Often we are unhappy oi er what we 
see and find, but we must consider the results realisficall}- in terms of the 
potential of the students as well as our own efforts. What we need is thought- 
ful appraisal based upon ertensh e mformation. 

As we consider e\-aIuafion we are concerned with more than fust testing. 
Evaluation is based upon the day-to-day obsersations in the classroom, upon 
the students’ intellectual and emotional groivth, ujxtn our expectations for 
their futures. Observational means as weD as tests of various t}pes provide 
the information needed. A general approach to evaluation, with examples, 
requires a full chapter. Chapter 19. Chapter 20 considers special teacher-made 
evaluation devices, and some suggestions by which the teacher may improve 
his tests and lus interpretations of then results. The third and final chapter 
of the section considers the science teacher in a larger context— as the key to 
successful science teaching, as a national resource. 
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science (Chapter 9)’ What evidence is there that one approach is more effective 
than the other? 
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Section Four 


DETERMINING 
THE SUCCESS OF 
SCIENCE TEACHING 


As Socrates said, “The ttncaainined life is not worth living." 

Teaching foo requires consfant appraisal, ev'cn as ihe teacher examines himself 
and his goals; even as Jie examines himself as a human, aside from his goals 
as a teacher. Every thoughtful teacher wishes to Irnoiv as clearly as possible 
what effects his course has upon the students. He wants this information for 
four main purposes; 

1. for changing and improving his teaching 

2. for analyzing tiie strengths and weaknesses of individual students 

3. for predicting how they may perform in the future 

4. for grading his students 

TJiese are four separate operations tvhich the teacher desires from his evalua- 
tion. ff the first three become slighted through emphasis upon the fourth, 
useful information that would help the teacher appraise his teaching will be 
lost. 

Somehow we must assess the learning, or changed behavior, resulting from 
our teaching. Such evaluation is inevitably hvo-way, for the accomplishments 
of the students mirror our effectiveness. Often we ate unhappy over what we 
see and find, but \ve must consider the results realistically in terms of the 
potential of the students as well as our own efforts AVhat we need is thought- 
ful appraisal based upon extensive information. 

As ne consider evaluation we are concerned with more than /ust testing. 
Evaluation is based upon the day-to day observations in the classroom, upon 
the students’ intellectual and emotional growth, upon our expectations for 
their futures Observational means as svell as tests of various types provide 
the information needed. A general approach to evaluation, with examples, 
requires a full chapter, Chapter 19. Chapter 20 considers special teacher-made 
evaluation devices, and some suggestions by which the teacher may improve • 
Ins tests and his interpretations of their results. The third and final chapter 
of the section considers the science teacher in a larger context— as the key to 
.successful science teaching, as a national resource. 



CHAPTER 19 


Appraising the student; 

A general approach to evaluation 


A note at the beginning- Initially we must emphasize one point: Students are 
"test conscious." If your principal means of evaluation is 
tests, as it probably is, the students will be guided in their 
study aitd image ot the course by the Winds of tests you give. 
If your tests emphasize recall, the students will memorize 
and “cram." H your tests emphasize reasoning and under- 
standing through extensive evidence and application, they 
will strive to reason and understand, as well as to recall 
what seems essential. It your tests emphasize the College 
Boards or (he Regents Examinations, the students will aim 
at these limited goats Tests thus are powerful teaching 
tools: they help set the tone of your instruction and of the 
students' learning. The tests you give are the students' clue 
to your real objectives. 


Purposes of evaluation 

Evaluation can, as we noted in the introduction to this section, be used 
for at least four dirterent purposes; and we must be sure that our techniques 
serve the particular purpose or purposes we have in mind. But the phrase 
"purposes of evaluation" can be read another way: what it is that vve want 
to evaluate, other than the effect of our teaching upon pupil attainment of our 
many types of objectives. 

Whof fo evoluafe for 

We can evaluate students for: 

1. Achievement (the degree to which each student has mastered certain 
information, manual skills, and intellectual procedures). 

2. Diagnostic purposes (to clarify to ourselves and the students their 
specific strengths and weaknesses). 
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TABU I7>I Sources of hformaflon 


Intent 

Scores of 
indn’idual pupil 

Scores of 

Techniques 

1 Achievemertt 
(speeifie 
kntni'lefige, 
iliilb, 
eoncepts, 
attttudei) 

IniUal status, growth, 
prediction of future 

Teacher effectiveness 
•hen compared to 
other classes, other 
yean, other schcots, 
other material of in- 
struaion, national 

Observation and tests, 
both local and stand- 
ardized. vvith norms 

2. Dio^oiii 

habitual 

patterns) 

Diagnosis of individual 
pupil, treatment in 
class, changed be- 
havior. prediciion of 
future behavior 

Teacher's methods, 

choice of material 
for instruction 

Observations, special 
tests, student con- 
ferences. and anec- 
doia] records 

3. Prrdictrott 

Future behavior 


Observation, achieve- 
ment and special 
examinations, con- 
ferences, and anec- 
dotal records 


3. Predicti^e purposes {(o proside a basis upon which future behavior of 
the student may be forecast). 

4. Effectiveness of a particular teaching procedure. 

Generally it is wise to perform these varied evaluations separately. Each 
is likely to involve special tools or circumstances for the speciSc purpose. If 
these distinctions are not made, we may obtain a result, but we will not know 
what it means. A tabular analysts of these different functions as they relate to 
indiv idual pupils, to the group, to the teacher's behav ior. and to the techniques 
of evaluation (Table 19-1) may clarify these distinctions. Some overlap between 
purposes and operations for evaluation is unavoidable, but at least we have 
a framework within which to consider evaluation. 


Whol to evaluate 

Teachers may lose their sense of perspective when they approach evalua- 
tion, wheiheT observation of pujMls or the (ormation of a test. ^Vilhout clearly 
phrased objectives, they may prepare a test or a situation mostly involving 
recall (memorization) v»-ith perhaps a bit of application to "academic” prob- 
lems. This is unfortunate, for pupils often believe (with justification) that what- 
ever the test requires is what the teacher really wants of them. 

A way out of this confusion is readily available: write your objectives in 
behavioral form and specify appropriate subject material. Some of the recog- 
nized opportunities to evoke these behavtois will not be used in class; these 
are ideal for later evaluation. 


A GENEttAl APPROACH TO EVAtUATION 389 





Jfost professional test tnaLcra approach their task ivith this operational 
siesv. If you serve on one of their test-forming committees, you will be asked 
“What do you svant the students to be able to do?*’ If you respond with gen 
eral terms like “understand ...” or "apply . . they will ask for specific 
examples defining these terms. As we have emphasized (Chapter 5), general 
objecth es and observable behaviors should be planned together. You may wish 
to start tvith the objectives and search for behaviors or start with the behaviors 
and search for the generalized objectives* 

Both methods of deiermining objectives and evaluation procedures are in 
use. Neither procedure stands alone, eadi influences the other through feedback. 
Initial objectives cannot be defined without consideration of how, when, and 
where they may appear in the life [behavior] of the student. Similarly, initial 
formulations of problems to which certain reactions are desired cannot be done 
in vacuo, but must in turn be related to certain socially desirable behaviors 
Since the evaluation and the objectives of a course must be consistent, they 
will, over a period of time, interact to the clarification of both in much the 
same Way that experiments and hypotheses interact in a scientific study Some 
instructors will proceed most rapidly starting with one aspect of the problem: 
some will find the other more congenial; all will eventually consider the same 
problems.! 


Olcen in the selection or construction ot evaluation fccftn/que? much con- 
cern >8 given to the form; essay, performance, observation, report, true-false, 
completion, multiple-choice, matching, and so on. But these are only devices 
to be used as appropriate (they are discussed in this chapter under the head- 
ing, "Techniques of Evaluation”). Thoughtful concern must first be given to 
the knowledge, skills, attitudes, and abilities to be appraised. 

While there probably will never be a complete list of attributes to be 
appraised, and while each teacher will want to emphasize different ones, some 
common and important elements can be isolated. An interesting and useful 
analysis of objectives of teaching in the physical sciences was published by 
Ncdelsky: • 


1. Knowledge. The main ability to be tested for in the exercises under this 
heading, ot at least the ability that can most reliably be tested, is memory. 

1 1 Subject matter knowledge (straight memory questions) 

1.11 Knowledge of laws and principles (verbal and mathematical). 

1.12 Knowledge of theories. 

MS Knowledge of facts (eg, density ot iron). 

1 U Knowledge of technical terms, symbols, units, dimensions, etc. 

1.2 Analytical knowledge. Knowledge of relations or patterns studied in the 
course, it is of a more funcuonal nature than subject matter knowledge 
(1.1). These relations or patterns arc to be tested for in nearly ibe same 
context in which they appeared in the course 

I 21 Knowledge of the relauon betvreen empirical generalizations (laws 
of nature) and specific phenomena. 


,, Ctncral Educalion in Science, ed. by I. 

Harvard U Tress, Cambridge, J»2, p 208 
r„...l , of Objeaive* of Teadun? in 1 

0/ P/i}ii«, /7, 315, 1919 ^ 


B Cohen and F. C. SVatson. 
ie Physical Sciences," American 
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Kno»ileiI(;e «( the o( thentkt: ol teUtion between iheori'et anJ 
fact}. 

t.23 KnowW^ of expetintenul {irncrclurf}; factort affecting (he talidiiy 
of the ex[>eriment. etc. 

1- 2! Knowledge of the appropriate lourtn of informaiion. 

1.5 Knowlftlsjt ol trieth<-»i!olog\ Knowletfge of the vHutttJtet of the separate 
phttical tciencet. (he relation of ilietc tcicncev to one another, and their 
relation to other fieldi {Only ihote tpeeincailt taught in the cnunc.) 
iJI Knuwlerfse of the nature and rtructiife of the pimical Kienrrv 

1 52 knowletige of the hitmtical iletcto|iment nf the tcience. 

t 35 Knowledge ol the realm of the pliyrccal utence and iti branclm. 

2 \biliiv in the ntfihrMli of Kicncc. In lltit tcciion it it detired to know* 
what the rtudent can do whei> more or Ic't on liit own. It it therefore necev 
urv that the iiiiiaiioni im-d (oniain clementt that are new to the itudenL 
[Yri] ihnc ihould be of the tame kind a« ihote ttiidird in the courte. 

2 1 .\bility to utc method} of tcieiice in abttraci tiiuaiiont— well defined and 
clear cut with a minimurn nf (reeal|nl| content knowledge re>]uiret]. 

2- 11 Miihit to appi} Hated prmciplet. 

2 12 Midiiv to carrv out ismbolicall) indicatcil operation}. 

2 IS \hilitr to me nlfoptmt 

2.2 Abilnt (0 ute method} of tctence in '■academic" tiiuationi. New to the 
itudent. but of a complexitu iimilar to ihote tired m the courte. A tingle 
ptimiple. law. or theort tuflicet for the analytu. 

2.21 \bdit} to relate empirical genetalirationt (lawt of nature) and 
tpeeific pheiiotnena The partktilar relation thould lx new. 

2.22 AbilKt to relate theotiet and faett. 

2dl5 Abilitt to anairre and aitici/e an experiment. 

2$ Abilitr to ute methodi of teience in "whole" tituationt. More complex 
than ihote in 2JI, not taught, tequiring more than one principle for their 
anaUut. 

2JI Abibtt to ute meihodtof ph)-ticv 

2J2 .\bilitr to ute meihodt of phytkal Kiencei. 

245 Science and Society. 

5 Ability to read tcieiidfic literature. 

$ I .kbihts to read a book, or long article. 

34 Abilitt to read a pattage. 

34 Ability to interpret tablet, graphv drawing}, etc. 

341 Ability to interpret a table of taluet. 

342 Ability to interpret grapliiral data. 

f. pToper attitude} and habiit. Thit may be approached as eQectitely through 
the wTong antwert of (he student at through hit corrett antwert. The litt below' 
it only a tample. 

-f.l Attitude of otercautiomnets ts. that of jumping to conclusions or going 
beyond dau. 

44 Attitude of underestimating the power and talue of science ts. that of 
o'Mcitimaucig these oe depetuhttg oa the coethodt of empiricil totivce 
in the fields of philosophy, tcligion. etc. 

4 3 Attitude of underestimaiing the talue of experiment or obsenation as 
tools of science ss. that of undcicstiroaung the importance of reason or 
of the man made nature of science. 

4.4 Possession of strong prejudices or preconceptions. 

44 The habit of learning things well, or not at all, rs. that of learning some- 
thing of cseryihing. 
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Little change would seem necessary for this analysis to apply equally well to 
the life sciences too, (Notjce particularly Nedelsky’s introduction of the dis- 
tinction between "academic" contexts, point 25: those carefully reduced to 
only pertinent information, and those in "whole” situations, 2.3, in which the 
student must select what is pertinent.) This effort to produce a taxonomy of 
testable operations (behaviors) was illustrated by an extensive manual of perti- 
nent test iiems.* A tiniilar taxonomy has been formed by Benjamin Bloom/ 
and used by Paul L Dressel and Oarence H. Nebon » for organizing some 2,000 
test Items. 

No claims were made by Nedelsky, by Bloom, or by Dressel and Nelson 
that their taxonomies are complete. Yet they are most useful, for they direct 
attention to significant operations we may wish to test. 

Summary 

Before doing any evaluating a teacher must know; 

1. ^Vhat the evaluation is for, what purpose It is to serve for him and his 
students. 

2. What his teaching objectives are, and what behavior on his students’ 
part will tell him whether they have been achieved. 

Then, and only then, can he turn to the problem of what evaluation 
techniques to use. 


Techniques of evaluation 


At the very beginning of a discussion of techniques of evaluation we must 
face a difficult problem which bothers all teachers and others involved in 
evaluation: How good is any evaluation technique? This problem is usually 
analyzed in terms of two factors' vahdtly and reliability. Validity refers to the 
degree with which a test measures or describes what it is supposed to measure. 
It is the answer to the question: Are we testing what we believe we are testing? 
If only we always had such a clear criterion as the time it took each student 
to swim 50 yardsl There the student performs directly the operation we wish 
to measure; such a test is said to have "face validity.” Generally in school work 
we wish students to develop hidden "menul'’ abilities, subtle, invisible un- 
derstandings, and judging skills. Then we cannot be sure; we can only hope or 
assume that the particular operations required of them do involve the abilities 
we are attempting to appraise. In the effort to obtain greater validity, you 
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will search eamesth for opporlutiities in the classroom, in tlie laboratory, and 
after school when )ou can observe directly at least some of the characteristics 
jou wish to esaluate. 

Reliability is the term used to describe the degree of consistenc>- or re- 
peatability of a student's score on a particular test as a whole. That is. how 
accurately does it measure whaicser it does measurer If the student were to 
repeat the test without any benefit from the first experience, would the second 
score be near the first? IVe svould not expect it to be identical because children 
change from das to day and esen hour to hour. Unless we are confident that 
the recorded score is close to what we would hase obtained on a second or 
even a third trial, we cannot be secure about the significance of the score.* 

Objective tests, because they include many samplings of the student's 
knowledge and skill, are more reliable than are essay tests, although (he claim 
can be made that they arc often less valid. Direct observation of pupil be- 
havior is just as important as tests in providing opportunities for valid and 
reliable evaluation. Self-evaluation and student participation in setting and 
appraising their behavior standards are also quite useful. 


Obseryalion 

W’e have suggested that both classroom and laboratory can provide many 
opportunities for evaluating, with high validity and reliability, the behavior 
of students. 

Some teachers may immediately begin to worry lest their observations be 
less reliable or more “subjective" than paper-and-pencil tests. This is of course 
possible, but it is not necessary. First, observations need not be biased. If all 
the pupils have equal and comparable opportunities to respond in the desired 
manner, there is a basis for fair evaluation. Also, the teacher aware of poten- 
tial bias will do all he can to reduce it. The clearer the statement of behavior 
sought, the clearer will be the evaluation. Anecdotal records should report 
the observed behavior and then separate inierpreiive comments. 

Day to day observations of children, "getting to know them,” can pro- 
vide much information about their developing skills, attitudes, and behavior 
patterns. In addition to observation of the students in naturally arising situa- 
tions, the teacher can contrive situations to observe. 

In any case, some form of written reimrd of reactions to various situations 
is desirable. Such notes could readily go into a student’s cumulative record 
file. A file card or a record sheet per pupil is probably adequate. Entries 
lepOTVing vihat the svadent did and the cwndivvwvs vitvdeT vchvth he reacted 
this way will be more valuable than comments that his behavior was "good" 
or "bad.’’ At a later time, perhaps near graduation or when he is applying 

*.t Joint CcMnmiltee of the .toiencan r>>cholosvtaI Asvodatlon, American Educational 
Research Association, and National Conunitlee on Measurement Used in Education has pro- 
vided a more compta anaSvvb of vaUdiiv and see *^echR>cal Recommendations 

(or Ps>chologi(al Tests and Diagnostic Teclinu|ijei,’' Piychotogical Bulletin, it, 2. pari 2 
pp. lS-16. 23. 
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for a job, such records will be especially useful as they describe the strengths 
and weaknesses of the student. They will prtnide a basis for predicting how 
he will react under similar conditions in the future. AV’hether or not you use 
such records in preparing grades depends upon the grading policy of your 
school. But surely this information is useful to the students and their parents, 
to the guidance department, and abote all, to you, the teacher. 

In addition to supplying information about the students which may be 
difficult to obtain from a test, direct obsersation can be used to appraise the 
validity of a test- if there is a high correlation between the scores on a test 
designed to evaluate a characteristic and the direct observation of that char- 
acteristic. we are one step closer lo knowing that our test is valid. 

Let us discuss briefly the various types of observation and the information 
we can obtain by their means. 

Observation of elossroom participation. Students attend classes daily- 
Daily they participate in the class work or they should (see Chapter 7). 
When they do. the teacher can, and does, observe the quality of the students’ 
participation This, however, does not mean that the student recites in answer 
to test Items stated orally (the teacher’s questions) and is rated on his responses. 
The net result of making the c/a«roo»n a constant testing period often de- 
stroys the tendency of the students lo participate; there is the constant presence 
of a threat. 

Several teachers we have observed use another method, to us a more 
useful one for evaluation and for stimulating discussion. Each day they note: 

1. Who participated in the class discussion. 

2 The general quality of the contribution. 

At the end of the week each is assigned a letter grade (A, B. C. D) for the 
week's discussion. At the end of the Rrst month they have a pretty fair idea of 
who the leaders in discussion are, and she quality of their leadership. More 
than that, they know who has not contributed, these students then may be 
called upon in class (stimulated to contribute), interviewed to detect problems, 
and given advice and guidance. 

Observation of group work. Similarly, group work can be noted and rated. 
Each student in a group, whether it be a committee or project group, might 
then be given individually she group rating (i.e., if A is the rating, then each 
student receives an A) or each student can be rated on his performance within 
the group 

For further comments on ihe report, see Section V. Tools for the Science 
Teacher: The Report. 

Observation of homework. Students do homework, whether this be formal 
or not. Sometimes, especially if problems have been assigned, the work 
is rated (0 to 10 or A to F). Then the homework grade is part of the final grade. 

It homework is given, it must have some basis in the teacher’s objectives: 
drill, concept fixing, concept stimulating, or creative action. WTien the 
teacher’s intent is to elicit creativity, i.e, design an experimental setup to test 
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a prediction, then grading would properly be based more on the proces* 
the student used than on the particular result obtained. The how is more 
impoTlanl than the what. 

Observotien through interview. All students should base a talk with their 
teacher. This is a guidance function and is not rated. It helps the teacher help 
the student by prosiding insight into the student's problems. A good talk 
with students will often shed light on difficulties and skills, as well as hopes 
and aspirations. 

Records of such observ'attons (comments, aspirations, home environment, 
hobby interests, club work) may be kept in cumulative envelopes where 
pertinent records of the student are kept. \\’hen all teachers make such 
observations, a fairlj useful picture of the student may be obtained. 

The cumulative record. From the time a student enters a school to the time 
of his leaving, a cumulative record might be kept; it is very valuable. In it are 
kept such items as: 
intelligence tests 
Kuder preference ratings 

Science Research .Associates tests ol Primary Mental Abilities 
records of extracurricular work 
records of inters ietvs 

achievement test scares (e.g.. Iowa Tests of Educational Development) 
school record 

essaja such as: "What I’d Like to Be,” “My Future,” “The Subjects I 
Like ^fo5t.’' “The Subjects 1 Like Least,” "My Hobbies” 
complaints by ceachen 
commendation by teachers 

A cumulative record such as this helps the teacher assess his students* 
abilities; it enables the student to appraise bis ou-n growth; it enables a par- 
ent to scan the progress of a son or daughter; it is a base for guidance, diag- 
nosis, and recommendation. 

Fesfing 

"Subjective" end "objective" tests. A so-called objective lest is actually 
one which is scored objectively and quickly. It necessitates just as much judg- 
ment (subjective) as an essay test, but the judgments are made in selecting and 
wording the items before the test is given, rather than in scoring afterwards. 
But this does not eliminate the need lor tkoatght/ul ^gerity end careful plan- 
ning. I\'e have stressed the necessity of judgments in evaluation, because 
sometimes all of us would like to escape that responsibility. But this is part 
of the job of the teacher or any other expert. IXTio is better qualified than he 
to make the inevitable judgraenur (In Chapter 20 we present some materials 
that we hope will assist somewhat in increasing your skill in this difficult 
operation.) 
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Although most discussions on testing stress the use of objectively scored 
tests, the essay still has major uses in instruction and evaluation. Like all 
other desices, it has advantages and limitations. An essay question requires 
the student to create his answer. He must recall, select, organize, argue, and 
conclude without many clues. These are all operations we wish the students 
to do well. 

Irrespective of the form in which a test item is cast, sometime between 
the inception of the item and its final scoring certain difficult decisions must 
be made These include the particular word pattern with which the student 
IS faced These also include a decision as to what answers will be acceptable 
and to what degree. Too often essay questions are written quickly without 
consideration of their meaning to the students. Vagueness and ambiguity 
oblige the student to guess what is desired. Sometimes he guesses entirely 
wrong through little or no fault on his part. We hardly wish to score him for 
his ability to guess what the instructor wanted. To prevent this difficulty, 
essay questions should be worded carefully and checked in advance for mean- 
ing, perhaps casually during a class discussion. Perhaps the lime allowance 
for each item can be given as well. 

Notice the clarity and point scoring of this essay question: 

Atomic energy has had its use during wartime. Now plans are being made for 
its use during peacetime. AVhai are these uses^ 

In your discussion be certain you develop the uses of atomic energy in indus- 
try, in medicine, and in agriculture (6 poinu). 

Alto in your discussion be certain to include the dangers involved (2 points) 
and methods of overcoming these dangers (2 points). 


To the reader: The students will /love hod opportunity to dtscuis tn class what 
point fcoring means, e.g., one idea developed in a short paragraph for each 
point. 

Note that provision has been made for adequate scoring. This has been 
done by div iding the essay question into parts, specifying the score of each 
part and, in that way, indicating the extent of lime to be spent in answering. 
Note, too, that the directions are specific for each part. Essay questions can be 
scored with some degree of reliability if provisions such as the above are 
made. If, however, the question were stated as below, adequate scoring would 
not be so easy. Often a student, not knowing the particular answer sought, 
will write around the question hoping that possibly some credit will be 
given. 

Atomic energy has had its use during wartime. Now plans are being made for 
t« use during peacetime \Vhai are these uses? (10 points ) 


The difficulties of scoring essay questions are well known.’ A single 
Claude M. Fuess, Tht ColUge Board Its First FtHy Ytars, Columbia 
in tlenenl Composition.'’ CoUtge Board Review, No. 

il Composition Test Be Con- 
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reader may change his standards between the first and last paper read. The 
story of one competent examiner unwittingly giving a failing grade to the 
"model answer” prepared by another competent examiner may be apocryphal, 
but it contains much truth. To reduce this variance between papers and 
readers, a "standard answer," or outline of such an answer, can be prepared 
in adsance as a continuing criterion. Tliis will somewhat reduce the unrelia- 
bility of scoring. It constitutes the first step toward the creation of objectively 
scored essay test items. 

For years the College Entrance Examination Board and the Educational 
Testing Service have been investigating the sources of unieliabiUty in scoring 
essays. As might be expected, they found tliai different readers assigned greater 
weights to different aspects of the essay. For English essays they isolated five 
major components: Mechanics, Style, Organitaiion, Reasoning, and Content. 
When the readen scored essays on each of these subdivisions, somewhat 
greater reliability of scoring resulted. In addition, such subscores provide a 
profile of the student's abilities. 

Irrespective of the potential values of essay questions and the devices 
that increase their reliability of scoring, their writing and especially their 
reading takes a long time. \\’iihin the testing time available, only a few essay 
questions can be answered. As a consequence we can sample only a small 
range of the student's knowledge and concepts. Probably each teacher recalls 
some instance when he did well on an essay test because be happened to be 
well informed on the particular questions asketl, but realized that he would 
have Kored much lower on other equally likely questions. 

Conscientious reading and scoring of eacli paper, with the addition of 
marginal notes to help the student, will probably take a teacher from one- 
fourth to onMhird of the time It took the student to write it. A one-hour 
essay examination of 150 students may require from -10 to 50 hours of reading. 
This is a sizable amount of time which leachen do not often have available, 
especially when grades from final examinations are to be reported quickly. 
For these reasons the quick-scoring or objcctisc-scoring form of test has be- 
come popular. 

AVe are all familiar with the inherent difficulties of objectively scoring 
essays and essay questions in tests. After describing one means of examin- 
ing essays. Dyer made the following comments (italics oun): ' 

Tlie foregoing procedure is scarcely as clcan-rut and precise as applying a 
yardstick. It depends heavily on personal judgments— judgment with respect to the 
questions that shall go into the test and judgments with respect to the merit of 
the essays. The fact that subjective judgment is a large element in the process is. 
however, nothing against it. Indeed, any attempt to minimire the cITcct of judg- 
ment in a process of this kind will by so much minimire Uie meaning of the 
resullv for that which wc call achSevetnetU iv in the last analysis, only somelxxly's 
judgment of what somebody else does. \\*e fool ourselves, and our students, when 
we suppose that by resorting to ’'objertise*' tests wc are obtaining a measure of 

• Henry S. Dyer, Ctnrral cdufuli^ in Sritnte, esL by I. R Cohen and T. O. Watson, 
Harvard 0 . Trca. Cambridge, 1952. p. 200. 
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pcitorinatice that is objective in the sense of being independent of human judg 
ment It is healthier to realize that the problem is not to eliminate judgment from 
the process, but to keep the judgments sue make relevant to our purposes. 

By implication we have indicated some ol the advantages and disadvan- 
tages of objective tests. Because they contain many items, they oblige the stu- 
dent to respond to a wide variety of problems. We get a better sample of what 
the student can do. Because they often require the selection of a specific 
“best answer” from among others, they are readily and accurately scored. 

Critics of objective questions properly point out that often they do not 
put a premium on creative work by the student. Yet often such criticisms 
are illustrated by only the simplest forms of objective items. These items can 
be written in such a manner that considerable knowledge must be recalled 
and careful judgments made, even arithmetical operations performed, before 
an answer can be selected. Consider this item: 

It is a Massachusetts Stale Tcquiremenc that an automobile be capable of being 
stopped within a distance ol 23 lees when moving with a velocity of 20 miles per 
hour (about 30 feet per second) Use Galileo's equations to show that the required 
average acceleration in feet per second U: (1)18 (^9.0 (3)4.5 (4)1.2. 

The student is obliged to recall Galileo’s equation, Sad ■ or to derive it 
from the other two. to substitute the numbers properly and derive an ap- 
proximate answer, and then choose the best answer offered. For the particular 
class to which this item was given, it was moderately difficult and highly 
discriminating between those with top scores and bottom scores on the entire 
test. 

The item could have been made more difficult by obliging the student to 
recall the numerical value of acceleration (g) and express his answer in terms 
of g: 

msmgivvssmog- 

It could also have been modified so that the student indicated which of 
various equations would be used to get an answer: 

(l)t/ •= at (2)2ad « u* (3)d = y^at* (4)d = wf. 

A great advantage of objective tests, often overlooked by teachers, is the 
opportunity to insert various fonns of erroneous answers which will reveal the 
errors in knowledge and reaction of the students. Some items of this type are 
presented when we consider diagnosis (p. 404). 

Objective items end reading skills. The form of items used in the central, 
and most discriminating, section* of the tests of the Nationwide Science 
Talent Search involves a fairly long statement followed by four to six test items 
of increasing difficulty. Some teachers object that this form of presentation, 
used in other tests as well, is actually a reading test. Must we conclude that in 

it, it' ?95V*“°“’ "‘'“*^5'““ ***”■» Examination." The Science Teacher. 
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science one is not supposed to know how to read? ^Ve doubt this. Certainly 
one ol the major skills ol the scientist is knoM'ing what and how to read. 
Reading in science intolves standards different from those of literature: evi- 
dence is dearly stated and the limited conclusions drawn must be justified by 
the material presented.'* Therefore sudi test items seem most appropriate in a 
science test. The technique and care imotved in preparing them are described 
briefly in the next chapter. 


Evaluation for achievement 

Achievement can be appraised through any operation in which the reac- 
tions of the students can be noted and judged; this includes teacher-made and 
soolled standardiied tests. Both arc useful and both are used in many school 
s)5tems. The t)pc of achietement and the le\cl of difficulty in a teacher-made 
test can be set to matdi the local intents and students. But some basis of com- 
parison with other schools and students, as provided by the published tests, 
is also useful. 

Tests made locally are commonly used to evaluate achievement in the 
learning of certain information and applications. If the material or skills 
are considered to be very important, the test may be one on which the teacher 
expects every student to achieve perfection. This type of test reveals those who 
are not up to some standard of expectation. Of course, the standards must 
be set realistically m terms of the particular students. Science-shy and science- 
prone groups will require quite different tests. Basically these provide the 
student vt'ith an inventory of h'ts accomplishments. 

Other tests are used to determine general achievement. Ordinarily, no 
student will have a perfect paper; otherwise we have not found how he 
would react to even more difficult questions. This second test pattern has a 
higher ceiling of difficulty and should distribute the students’ scores over a 
suable range. For practical purposes of morale a few easy items, many about 
average, and a few very difficult ones should be chosen. Generally the avtrage 
score for a class vcould be between 60 and 70. out of a possible 100, on such a 
test. In Chapter 20 vs-c consider the preparation of such tests. 

Standardiretl adiievement tests are made for wide usage in schools with 
varied curriculumv Tlicrcforc, the selection of standardized achievement tests 
should be done thoughtfully. These tests generally are highly reliable (more 
so than perhaps a teacher-made test can be^ but they may or cnay not lie 
•w/id for your pur|>oses (as your own lest is likely to be). You can determine 
this fairly well if you have behavioral objectives which can be compared to 
the operations required by iJie l«l items, information about the reliability 
of the test is normally- supplied with a sample copy from the publisher. In 
addition, attention must be given to the basis on which the test v»-ai stand- 

■•Such ttilli do not come suionuikailv to ibe uudeni: they mint he iJughL The tcicTKe 
teacher li uccewarily » leicher of reading tm tnener. 
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ardized: how many children wre tested, in what schools or stales they 
were tested, and. especially, when this was done. At amount of science 
increases in the school program, test norms established some years ago will no 
longer be applicable, everyone wili have classes "bcftcf than average.” Many 
of the achievement tests m science were made some yf^” ago and may not use 
material appropriate for your classes. Considerable information and critical 
comments about available tests can be found in The Fourth Mental Measure- 
ment Yearbook and in reviews in journals such as Fhe Science Teacher. 


"Cheap" and "expensive" recall 

Before the day of the objective test, there was the day of the stern tasV.- 
master. Each day there was the recitation with the sttsdents confident or quak- 
ing as they were called upon to recite. Do you remember? 

Jones, what is mitosisf 

Brown, define electromotii’g force. 

IV/iife, name the simple machines. 

Smith, go to the board and write the equatioft for the preparation of 
bstiTlVVWt. 

The student was asked to reproduce, recall, or remember what he had 
“learned" before he entered the class. Many times he asked to recall 
what had been specifically assigned; the emphasis was generally on memory, 
while reasoning, critical thinking, the ability to see relationships were not 
stressed. This was the "cheapest” type of recall. Either one recalled or one 
didn't; those who did it best were roost successful, they received the highest 
grades. 

Nowadays, such recitation is generally replaced by the quit, short or long. 
Quiz Items which stress "cheap” or "expensive" recall follow a pattern some- 
what like these: 

1. True-false. In this type of item, the student indicates by T or F whether 
the statement is true or /alic. Thus: 

The greater the amplitude of a sound wave, the louder the sound. 

2. Modified true false. Tlsc item above can be ifiade more "expensive” to 
recall by adding these instructions: 

The following items are cither (rue or false. H the statement is true, mark T 
in the appropriate place: if false, replace the underlined word with a word which 
makes the tlasement true. 

The greater the amplitude of a sound waV®. the louder the sound. 

It seems clear that greater thought needs to be brought to bear to answer 
Item 2 than item 1. We say that item 2 is more "e’tpensive,” because greater 

in Brunswick. N. J, 1953. fifth )earbook 
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time and cnergj’ is spent in thought, to get similar credit. Furthermore, it 
ahords less oppoiivinity for guessing. 

From a study of these two examples we derive an essential difference 
between "cheap" and “expensive" recalL Recall is made more expensive as 
the amount of energy or time spent in thought is increased. This can be done 
by increasing the number of things a student must remember, and the num- 
ber of manipulations a student must perform before he gets the "right" 
answer. 

Notice how more thought and judgment is progressively required in this 
scries of multipIe<hoice items: 


1. The substance »n ted blood cells that picts up oxygen in the Jungs is; 
(a) chloroph)!! (b) hemoglobin (c) sodium carbonate (d) water. 

2. The substance in red blood cells that picks up oxygen in the lungs is: 
(a) ddoroph^ll (b) hemophyll (c) chloroglobin (d) hemoglobin. 

3. Match the terms in column A with their appropriate meaning or deRnition 
in column B Place the letter at the correct answer in the space prosided. 


A 

a. hemoglohm 

b. niuogen 
c cellulose 

d. oxjgen 

e. car^n dioxide 

f. chlorophyll 


47. a red substance used in respiration 

48. a green substance used in photo- 
synthesis 

49. a gas carried to cells by hemo- 
globin 

50. a gat used in food maling in pho- 
tosynthesis 


Item 1 is clearly cheap recall; the distracters (wTong answen) are quite 
obsiously UTong. Item 2 involses slightly more expenshe recall; the student is 
forced to male a sharp judgment between terms very much alile. Knowing 
half of the right word is no help! And in item 3, more answers are supplied 
than are required; this tends to reduce guessing, and eliminates the possibility 
of a "free" fourth answer, once the first three are known. 

There are many more kinds of recall items, of the scnalled formal ob- 
jecthe type, uhich may be used. For instance, a diagram may be inserted for 
labeling, structures may be required to be drawn in place (e.g, wires in a 
parallel or scries circuit), but essentially they all require recall of facts. 

Many collections of icems testing recall which the reader may obtain, 
some lor the asking, are cited in Chapter 20. which is essentially an expanded 
"Excursion" for this cliapccr. 

Notice that sve base made no comment about the validity of these sample 
items. A test item is valid or not for a partinilar purpose. Unless this is stated, 
we can make no judgment. Item 1 just stated here indicates, with some degree 
of salidit), whether the student knows what the red stuff in blood is called. 
It docs not dctemiinc whether he understands respiration and circulation; 
indeed, it almost tells him about tisem. It does not reseal his attitudes towards 
phyniology, bis ability to handle problems of health, or his ability in concept 
attainment. If we wish to esaluaic these latter asjserts of hb learning, we must 
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use other, and probably diflerent, t)|>e$ of lest iiems; this one obsiotisly is 
not valid for these purposes. 


More f/)on recafi— sfetlls 

\Vc teach for more than recall of facts: in science, we are determined that 
youngsters gam certain skills. \Vc should be disturbed if a youngster sveni 
through biology vsithout learning how to use a microscope, chctiiistry without 
learning how to handle a burner or a test tube, physics without learning how 
to connect wires in series. Science has its practical side-its skills as well as its 
knowledges. 

No doubt the reader has given the kinds of tests iieini/ed below. These 
have high face validity (they measure directly) and generally high reliability. 

1. /n physical science. Students have been studying a unit on the nature 
of the earth. They have been identifying rocks. When they feel certain they 
can identify them, they are given a "praciicar examination. Tlie rocks are 
placed before them and they are asleil to name them (with proper precau- 
tions to avoid collaboration). 

2. In biology. Students have been studying mitosis in onion root. During 
a laboratory exercise, the teacher comes to each with a demonstration ocular 
(an ocular with a pointer); he inserts it into the student’s microscope, points 
it at that part of tlic field that he then asks the student to identify. 

3. In general science. Students have been studying circuits; they have seen 
them demonstrated. The teacher then gives them materials (bulb, insulated 
wire leads, plug: the students bring their own serw drivers). Each student is 
supposed to wire the lamp so that it lights when invertetl into a socket. 

4. In chemistry. Scudenu have finished studying the halogens. They arc 
given '‘unknown" solutions, salts of bromine, chlorine, and iodine. (One un- 
known contains only distilled water.) They are asked to identify the unknowns 
Using replacement tests. 

5. In physics. Scuilents are askevl to detenuine the density of a block of 
material using Archimedes’ principle. 

These items are not only valid, but they are reliable and interesting as 
well. Two major classroom problems, however, are those of maintaining 
security between classes and of preventing collaboration. This can be done 
in various ways depending on the situation. For instance, in identifying a 
series of specimens, students might move at a given signal from numbered 
specimen to numbered specimen. Or different sjiccimens might be used for 
diflerent pupils With papcr and-pencil tests, alternate forms can be used. 

Some teachers will wonder whether the identification of rocks or organs is a 
skill, whether it is not mainly another form Of rcrall. Ceruinly recall is in- 
volved. but more than recall is rctiuired. It is a skill because it involves prac- 
tice (handling of rocks, etc.). Trobably a skill involves "doing" as well as 
"thinking.” Possibly the following might more aptly test skills. 


W OnERMINING THE SUCCESS Of SOENCE TEACMmC 



1. Given a blue copper sulfate solution, students are asked to deliver to 
the instructor 1 cc of pure, clear w-ater prepared from it. (Students must set 
up 9 simple distilling apparatus; a test tube and deliver)- tube for heating the 
solution, another test tube immersed in cold water to catch the water.) 

2. Students are asked to dissect out the brain of a preserved frog. 

3. Given an unknown concentration of HCl (dilute), students are asked 
to determine its strength using O.IA’ NaOH. (.Alternate students are given 
different concentrations of HCl.) 

4. Given a graph of the quantity of a catal)St against the rate of a reac- 
tion, students are asked to extrapolate the curve to a given point. (Extrapola- 
tion and interpolation are important skills.) 

A scoring scale for use with such tests can be tried out before being made 
final. Or perhaps the students would assist in assigning values to the various 
operations. Possibly in item 3. an error of 20% might be scored as 75 points 
or a grade of C, 10% error as 85 or B, 5% error as 95 or A, and 2% error or 
less as 100 or .A-f-. Each instructor will choose his own scale of grades for practi- 
cal tests depending upon the abilities of his students. In any event, it is our 
experience that students prefer to be graded on tests of more than their ability 
to recall. (Note; these tests can also be used for diagnostic purposes, p. 40-1.) 

More fhon recall and skilli—reatoning 

Testing for recall and skills is not enough. You can also test youngsters 
for their ability to reason, to reflect, and to draw defensible conclusions. Of 
course, if you plan to test for these abilities, you will handle your class In 
such a manner that die students practice these operations frequently and kitow 
that they are important to you. You will teach differently if you expect 
youngsters to use the facts they- Icam for building concepts and conceptual 
sdicmcs (see Chapter 6). 

Some examples of test items that emphasue rcneciion and thought appear 
below. Scores on tests consisting of items like these correlate strongly with 

I.Q. scores, but interesting differences may occur with individual students. 
Note this progression in demand upon the student: ** 

1. A body that enuu us ovn li(du is called a body. 

2. The focal length of a tens is the disuncc between the crnccr of the lens 

and the ■ 

3. To produce an enlarged virtual image with a convex lens, the object dis- 
tance should be (I) less than 1/ (2) between If and 2f (3) greater than 2f. 

TViekampVna ■paraVrAvay ptojevvtn VhotAi W , VnvViw y»om vhe yens 

where the latter has a focal length of 8 inches. 

Tlie validity of such reasoning items may always be questioned. How- 
ever. a simple procetlure may help convince the skeptic of the nature of the 
irasoning imoUed. Let us examine a-hal the student wuit do in responding 
to each of the four items: 

•*Talen from taiiout evjminatwwvt in ptisMCS. Itoard of Resenis, New Soil State. 
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1. Remember a term (radiant or luminout) defined by the conditions 
given. If he does not remember the term, there are few clues or associatiotis 
(concepts) through which he can search for a satisfactory answer. This Is 
cheap recall. 

2. Remember a term (focal point). This may be associated with demon- 
strations, laboratory work, or diagrams with which the student is familiar. 
The Item requires a definition (of focal length), but it can be associated with 
observable phenomena which may provide clues to assist recall. This is more 
expensive recall. 

3 Recall the meaning of ‘’vittua! image," "convex lens,” '‘object dis- 
tance.” “If,” etc. The relationship between these components is needed. It 
may be recalled directly. If not, it may be reconstructed on the bosis of experi- 
ence (laboratory, demonstration). The response requires the recognition of 
which among three general positions or ebsses of location is appropriate. 
Still more expensive. 

4. Recall the meaning of ''parallel ray projector” and "focal length" and 
the specific (numerical) relation between the focal length in inches and the 
positions which produce parallel rays. If recalled, general properties of lens 
systems can be used to solve the problem. A specific numerical answer is 
required. 

These four items illustrate a progression from cheap recall, to expensive 
recall, to recognition of a relationship, and to the exact statement and use of a 
relationship. The last two items test not only recalled knowledge but reason- 
ing as well. However, the reasoning depends, as reasoning always does, upon 
prior knowledge and experience. A student who lias not studied the material 
or had experience with it is not likely to exhibit the proper response. 


Evaluation for diagnosis 

To know that a student has or has not attained certain knowledge and 
skills is interesting, but in order to help the students we need to know specifi- 
cally where each student "went WTong," what blocks to learning arc acting in 
each pupil. For this we need, in addition to the daily test of class behavior 
and observation, diagnostic tests. They provide information about all the 
students in the class, including the quiet ones who are loo often underesti- 
mated or overestimated because of a lack of knowledge about them. Unfortu- 
nately we are not aware of any tests in science that can be purchased for 
such diagnostic use. General tesu like the Primary Mental Abilities Test are 
helpful, but are not specific to the materiab and operations of science. There is, 
however, a considerable literature about such tests which would serve as 
liiusiraiions to an interested teacher. 

One point must be stressed early: lor each attribute to be described, 
several, usually five or more, items will be required. The desired response to 
only a single item might be guessed correcUy or failed through the action of a 
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particular distracter. The score on a block of items involving the same opera- 
tion has some trustworthiness and can be totaled for each student. Then you 
have some measure of the behavior of eadi child on Ihis particular operation. 
Such subtests can provide a profile of the strengths and weaknesses of each 
pupil. Since it is the pupils whom we hope to assist, they should be informed 
of their profiles and encouraged to work deliberately on their greatest weak- 
nesses. Such tests are not likely to be desired as a basis for assigning grades, but 
they will be of great value to the teacher as he plans and runs his class. This 
type of test can also he useful for predictive purposes (see below). 

One major attempt to develop test items aimed at evaluating the way of 
the scientist and the use of the skills of the scientist was made in the Eight- 
Year Study. The third volume of the report of that study presents in detail 
the rationale and nature of the tests: ** 

Basic assumptio.vs 

In the first place, it was assumed that education is a process which seeks to 
change the behavior patterns of human beings. It is obvious that we expect stu- 
dents to change in some respects as they go through an educational program. An 
educated man is different from one who has no education, and presumably this 
difftrence is due xo xht cducaxional experience. U »s also generally tecognited that 
these changes brought about by education are modihcaiions in the na^-s in which 
the educated man reacu, that is, changes in his ways of behaving Generally, ai a 
result of education we expect students to recall and to use ideas which they did 
not have before, to develop various skills, as in reading and writing, which they 
did not previously possess, to improve their ways of thinking, to modify their 
reactions to esthetic experiences as in the arts, and so on. h seems sale to say, on 
the basis of our present conception of learning, that education, when it Is ellec- 
live, changes the behavior patterns of human beings 

A second batic assumption [was that] the Linds of changes in behavior pat- 
terns in human beings which the school seeks to bring about are its educational 
objectives. The fundamental purpose of an education is to effect changes in the 
behavior of the student, that is. in the way he thinks, and feels, and acts. The aims 
of any educational program cannot well be stated in terms ol the content of the 
program or in terms of the methods and procedures followed by the teachers, for 
these are only means to other ends. Basically, the goals of education represent 
these changes in human beings which we hope to bring about through education. 
Tlie kinds of ideas which w-e expect students to get and to use. the kinds of skills 
which we hope they will develop, the techniques of thinking which we hope they 
will acquire, the ways in which we hope they w-tll learn to react to esthetic ex- 
periences— these are illustrations of educational oitjectives. 

A third basic assumption [was that] an educational program is appraised by 
finding out how far the objectives of the program are actually being realircd. Since 
the ptogtanv seeks la bring about certain changes in the betuvior of students, and 
since these are the fundamental educational objcciives. then it follows that an 
evaluation of the educational program b a process for finding out to what degree 
these changes in the students are actually taking place. 

IBe fourth basic assumption was that human behavior is ordinarily so com- 
plex that it cannot be adequately described or measured by a single term or a 

i» Br permission from /tpptainng *ni Rrrordtng Student reogrris. In Fugene R. Smith, 
Ralph XV. Tyler, and the Evaluation Slaff. Vot. S of Ptoirrewue Fducaiion .Asuxiaiion. Aditn- 
lure in American rdueation, pp. U-H. Copyright. 1912. McGraw-lliIl IVool. Gampany, Inc, 
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curricula and, as far as possible, of a nonrestrictise nature. That is, major attention 
svas given to appraisal devices appropriate to a wide range of curriculum content 
and to varied organitations of courses- Much less effort was devoted to the develop- 
ment of subject matter tests, since these assumed certain common informational 
material in the curriculum. 

The eighth basic assumption was that the responsibility for evaluating the 
school program belonged to the staff and dleniele of the school. 

These basic assumptions show that one of the primary objectives of the 
Eight-Year Study was to determine the extent to which students could reason. 
Three aspects of clear or critical thinking selected for emphasis were: 

1. Ability to interpret data. 

2. Ability to apply principles of science. 

3. Understanding the nature of proof. 

We shall give examples of each of these in turn. While all of these might be 
included within a single rubric Hie ‘Tcflective thinking,” for clarity of ap- 
praisal and diagnosis this clean cut separation is desirable (see, for example, the 
definitions of Burke, p. 108). 

Ability to interpret data 

The test on Interpretation o( Dau (Test 2.52) from which the following 
example is taken contained ten such items based on diflerent subject areas. 

On this item students are directed to place the suitable number (I, 2, 5, 4, 
or 5) identifying their judgments opposite the number of the sutemenl, or 
to blacken an appropriate place on a score sheet. 

TAest data alone: 

(1) are sulbcient to nuke the statement true. 

(2) ate sufEcieni to indicate that the sutement is probably true. 

(3) are not sufficient to indicate whether there is any degree of truth or falsity 
in the staiement. 

(4) are suflicieni to indicate that the staiement is probably false. 

(5) are sufficient to make the sutement false. 



Tliis chart shows production, population, and employment on farms in the 
United States for each fifth year between 1900 and 1925. 

>* lugrne R. Smith. Ralph VV. Tjler, asid the Fvaluation Sull, op. nl, pp. 53 55. 


A CCNHAL ArraOACH to FVAIUATION 407 




I The ratio of agricultural production to the number of fann wotkcn in- 
creased every five years betvieen 1900 and 1925- 

2. The increase in agriculturtl production between 1910 and 1925 was due 
to more widespread use of farm machinery. 

S The average number of farm worker* employed during the period 1920 
to 1925 was higher than during the period 1915 to 1920. 

4 Tlie government should give rcltef to farm workers who are unemployed. 

5. Between 1900 and 1925. the amount of fruit producetl on farms in the 
United States inaeased about fifty per cent. 

6. During the entire period between 1905 and 1925, there was an excess 
of farm population of employable age over the number of people needed to 
operate farm*. 

7. Wages paid farm wotlm in l9Ki were low because there were more 
laborers tlian could be employed. 

8. More workers were employed on farms in 1925 than in 1900. 

9. Since 1900, there has b«n an increase in production per worker in manu 
factoring similar to the increase in agriculture. 

10. Between 1900 and 1925. the volume of farm production increased over 
filiy per cent. 

11. Farmers increased production after 1910 in order to take advantage of 
rapid!) rising prices. 

IS. The average amount of farm production was higher in the period 1925 
to 1930 than !n the period 1920 to 1925. 

IS Between 1900 and 1925. there was an increase in the farm population of 
employable age in the Middle West, the largest farming area in the United States. 

14. Farm population of employable age was lower in 1930 than in 1900. 

15. The production of wheat, the largest agriruliural oop in the United 
Sutet, was as great in 1915 as in 1925. 


This block of test items can provide considerable information about the 
ability of the student to operate effectively in science. Smith and Tyler report 
that: “ 


These interpretations involve the following types of behaviors: comparison of 
points of data, recognition and coropaiison of trends, judgments of cause, effect, 
purpose, value, analogy, exirapolaiion. inietpolation, and sampling 

The types of relationship involved in the interpretations which the students 
are asked to judge were distnbuied among the five response categories [About ten 
per cent were /rue, about twenty per cent 9,ctc probably true, about forty per cent 
were supported by inru^cienr rfaia. about twenty per cent were probably faUe, 
and about ten per cent were fabe.l Within each test exercise the interpretations 
were arranged in random order. 

Pupil responses to items of this form were scored in terras of: general 
accuracy, caution, beyond data, and crude errort The scoring key, devised with 
the assistance of a jury, is shown in Table 19-2. 

General accuracy raeans agreement between the student’s response and 
the judgments of the jury. For a number of items of this type, the total 
responses are counted in cells o, g, m. s, and y. This number is then expressed 
as a percentage of the total number of possible correct responses. 

*• op. cil, pp. 48-60. 
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TABLE 19-2 Hew scores are derivtd 
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error 




' 

d 

* 

Probably 

auQon 

acnmie 

berood 

crude 

mide 

rr.i» 



dau 





' 

» 

i 

j 

tmufrieni 

rynfwn, 

OUtiOQ 

acnuaie 

caolion 

caution 

data 








1 

" 

® 

® 

Probably 

crude 

crude 

fcerond 

aeniratc 

caution 

false 

error 

error 

data 




P 

q 







be'ood 

berofxl 

acaime 


error 

error 


data 



a 

' 

• 

a 

y 


TABLE T9-3 Sample data sheef * 

Sercn from a group ol <9; oH ico'ri ere percenfayei 




CfneraJ Pro^tl^ finml True- Brjend Crude 

Student cmiTUej T or F dale Fehe Omit Caution ^ta rrrori 


CZOKCt 

r»Tt 


so » M 6 

66 « 71 0 

63 5f 66 0 

18 74 53 0 

:4 60 7« 0 

II 60 75 0 

46 M 75 0 


13 

20 


53 

6 

41 


60 

23 

56 


S3 

3S 

57 


32 

II 

10 


11 


caMT MEAN 50 ts 45 CO I 22 43 14 

or T»c 69 


B» KnoBuon Iroai .4 t-yTairinr and Kfct>»d»iij Studml JVojrfa, tujme R- Smi'.b. Ralj.h 
W. TilfT. aad ihe £«?)u3{km 5uS. pp. 54. 57. CDp^iiAt, 1912. McCraw Hill Soot Company, 
loc. N. Y. 
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Discrimination on probably trve and probably false items is found by 
counting the responses in cells g and t and comparing these with the total of 
desired responses in these categoricJ. Agrcemcm on insufficient data appears 
from the number of responses in cell m compared to the total correct in that 
category, Similarly, the agreement with true and false conclusions is found 
by counting the responses in cells a and y, respectively, and comparing to the 
number correct in those cells. 

Similarly going beyond the data (overgenerajiring or being too optimis- 
tic) is shown by a count of responses In cells b, c, h, r, w, x. Caution is ap- 
praised by a count of responses In cells f, k, I, n, o, t. Crude errors are also 
counted and oinuiions noted for each student. 

How tests such as these can be used to piovUle a profile of the operating 
attributes of students is illustrated in Table 19 3. 

Now we have available evidence to support what we probably observed 
in class. Peggy is very low in general accuracy: she made many crude errors, 
and was "gullible" by frequently going beyond the data. She needs help in 
making fine distinctions and not acting as though every alternate uras cither 
"tight" or "wrong." Homer U well-infottned (fev; crude errors) but it very 
cautious. He docs not go beyond the data often, but tends to respond that the 
data are insufficient for any conclusion. He too can be helped. George has a 
similar profile. Andrew is a promising boy who goes beyond the data some- 
times, but less than the average ot the group. 

Information such as this (always, of course, from more than one test 
item) can greatly help a teacher see the individual characteristics of his pupils 
and work with each on his weaknesses. The students also should have a 
report on their characteristics, because teacher and student are working to- 
gether consciously to bring about changed behavior. A similar test given at the 
end of the year will show what success has lieen attained. Also, other teachers 
having these same children later can see the records and be alerted to the 
particular limitations aflecting each student. 

There are many examples of this type both in the volume by Smith and 
Tyler and elsewhere.** 


Abi/ify to apply principfes 

In this test,*’ the correa responses are included in brackets. 


Tests following the general form below were constructed for the areas of 
chemistry (Form I 31), phywes (Form 1J2). biology (Form 1.33). and general 
science (Form l.Sa).* 


National Society tor the Study of Educauon. forty-Filth Yec 
“L undersiandtng, u of Chicago Press Chicago. 1916 

iducaiion in Science,'' Edueaiivnal Jiesi 


nderitandtng, 
hs, • General 
University, J7, 85. 1938. 

*’ Eugene R. Smi 


Ralph W. Tyler, and the Evatua 


rfcooS, Part 1. T/ie Meas- 
arch Bullcim, Ohio State 
[. op. at., pp. 91-93. 
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A sample problem taken from Form Ua is given tviih the directions and key. 

PROBLEM 

The svater supply for a ceruin big dty is obtained from a large lake, and 
sewage is disposed of in a ri\er flowing from the lake. This river at one time dowed 
into the lake, but during the glacial period its direction of flow was reversed. 
Occasionally, during heavy rains in the spring water from the riser backs up into 
the lake. kVhat should be done to safeguard efiectively and economically the health 
of the people living in this city? 

Directions: Choose the conclusion which you helteve is most consistent with the 
fads given above and most reasonable in the light of suhatever knowledge you may 
have, and mark the appropriate space on the Answer Sheet. 

CONCLUSIONS 

[V] A. During the spring season the amount of chemicals used in purifying 
the water should be increased. {Supported by 3, 7. 10, 12] 

B. A permanent system of treating the sewage before it is dumped into the 
river should be provided. {Consistent with S, 8, 12] 

C. During the spring season water should be taken from the lake at a point 
some distance from the origin of the river. {Consistent with 12, 14] 

Directions: Choose the reasons you would use to explain or support your con 
ciutian and fifi in the appropriate spaces on your Answer Sheet. Be sure that 
your marks ate in one column only— the same column in which you marked the 
conclusion. 

REASONS 
{False analogy] 

[Irrelevant] 

[Right principle] 


[Ridicule] 

[>Vrong, 
supporting B] 
[Authority] 

[Right] 


[Wrong, 
supporting B] 

[Xwormng 
conclusion] 

[Right] 

[Teleology] 

[Right. 

suppponing ABC] 

••Answer to another pan of the test; sec below. 


1. In the light of the fact that bacteria cannot survive in 
salted meat, we may say that they cannot sunive in chlori- 
nated water. 

2. Many bacteria In sevi-age are noi harmful to man. 

3. Chlorination ol water b one ol ihe least expensive 
methods of eliminating harmful bacteria from a water 
supply. 

4. An enlightened individual v\ould know that the best 
vsay to kill bacteria n to use chlorine. 

5. A sewage treatment system is cheaper than the use of 
chlorine. 

6. Bacteriologists say that bacteria can be best controlled 
with chlorine. 

7. .As the number of microorganisms increases in a gi\ en 
amount of water, the quantity of chlorine necessary to kill 
the organbms must be increased. 

8. A sewage treatment system is the only means known 
by which vsaier can be made absolutely safe. 

By increasing the amount oi dhiorinc in the water 
supply, ihe health of the people in this city will be protected. 

10. Harmful bacteria in water are killed v\hen a small 
amount of chlorine is placed in the water. 

11. When bacteria come in contact with chlorine, they 
move out of the chlorinated area in order to sunive. 

12. Untreated sevvage contains vast numbers of bacteria, 
many of nhirii may cause disease in man. 


A GENEKAt APPROACH TO EVAIUATION 41t 



[Irreloant] 

m 

[lrrclc^antj 
tA C] 

[A C] 

IM 

m 

(IrrelcAant] 

[B] 


[Irrcloani] 


(BJ 

[Imt«\ant] 

w 


2. Tbe liquid %»bich t* absorbed most readily by the 
sUn is tbe most rffectise in toftening the hands. 

3. To be absorbed by the skin, a hand lotion need not 
pass through the skin. 

4. Hand lotions are of doubtful salue. 

3. The faster a liquid drips through filter paper, the 
faster it will be absorbed by the human skin. 

6. The pores of the skin are quite similar to the little 
holes between the fibers of filter paper. 

7. Since each bottle was gisen a thorough shaking, the 
results for each louon were typical of the performance of 
the lotion in that botde. 

8. The “pores" in filter paper are constrvaed quite dif- 
ferently from the “pores" in the human skin. 

9. The experiment was probably intended to make sales 
for some cosmetics manuiacturer. 

to. Although drops of a liquid appeared in the water 
glass, certain ingredients of the first lotion may hase been 
ttiained by the filter paper. 

II. The speed with which a lotion drips through filter 
paper is no indication of us eflertiseness in softening the 
skin. 

12 Water wiU penetrate filter paper but is not absorbed 
by the skin. 

13. Tbeobsious w-ay to test the fire lotions is to try them 
on the hands of a large group of people. 

14 The amounts of lotion placra on each piece of filter 
paper were sery nearly the same. 


II. D/reetions; Se/ect from the sfaiements eirredy moried under A {the sup- 
porting statements) tAose xehi<h you trould thallenge because you ere not eon 
itneed they are true enough to be used in tup(>orimg the underlined tonelustan. 
Slacken the space under C opposite the number of each suck stafement. 

111. Directions: Conclusions A, B. and C are slated belote. Choose the one 
xekich seems to >oif to be most consistent with your analysis of the situation de- 
scribed in the problem. In the block at the top of the anrver sheet, blacken the 
space A, B, or C to indicate the conclusion u-hich you choose. 


covdvsios 

[V] A. This experiment does not help in den'ding which one of the hand lotions 
STOuld be roost readily absorbed by the skin. 

B. The experiment suggests that the first brand of band lotion « absorbed 
by the skin more readily than any of the others, but the experiment would 
hare to be repeated ses-cral times. 

C. The experiment sbosn that the fint brand of band louon is absorbed 
by the sVtn more readily than any of die others. 

IV. ZJirertions; Hand fotioru ore commonly used to replace the oils in the 
outer layers of the skin vhich are lost through excewe exposure, iroiAing. and 
other rouses. Hence, it may be less important to study the extent to o-AiVA a 
lotion penetrates tAe leyen of the skin than to study its e^ect upon the surface 
of the skin. The statemenls presented belote describe some acimites trhich hat-e 
been suggested to study the e^eeSn'eness of a hand lotion in keeping the skin soft 
in tAe absence of an adequate supply of rtalural skin oils. Select ell ilalemenls that 
describe actmties which you think leould help in studying tAu efert of a hand 
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lotion Upon the sfcm. Blachen the space under A opposite the number of each 
such statement In this part of the test, your decision about a statement should 
not be influenced by whether you believe the activity described could actually be 
carried out. 


STATEMENTS FOR 

[A BJ 
[Irrelevant] 


[A] 


[Irrelevant] 
[A B] 


[Irrelevant] 
[A B] 

[A] 

[Irrelevant] 
[A B] 


)5. Secure a description of the structure of the human 
skin. 

16. Find out the names of the companies which raanu- 
lacture each of the brands of hand lotion used in the ex- 
periment 

17. Make a precise laboratory analysis of each of several 
brands of hand lotion to find out the amounts and proper- 
ties of its principal ingredients, such as vegetable oils, 

18 Repeat the experiment several times with the same 
five lotions and under exactly the same conditions 

19. Set up an experiment in which ten boys and ten girls 
apply a hand loiion to one hand and no hand lotion to the 
other hand once each day for a month, and compare the 
results. 

20. Send out a questionnaire to a large number of users 
of hand loiion to find out which brand is most popular. 

21. Use hand lotions regularly on several parts of the 
body and compare the results 

22. Set up an experiment to compare the natural skin 
Otis 10 the oils contained in hand lotions. 

23. Compare the absorbing power of filter paper and 
human skin. 

24 Look for published information about some of the 
go^ and bad ^ects of using different brands of hand 


V. Direelions; Select from the statements already marhed under A only 
things which you think you or your class in high school could actually carry out. 
Blacken Ike space under B opposite the number of each such statement. 


A brief loolc of the "proctico^' side 

The test items we have presented above are exceedingly interesting. They 
demand thought or reasoning or judgments or reflective ihinking-whatever 
you wish to call it. But tests of this type on the analysis of data, application of 
principles of science, or the nature of proof ate not widely used. 

Most of the tests available for purchase or made by teachers have as 
their primary purpose the testing of recall oc application of principles in care- 
fully selefted problems. Essentially the testing pattern in science deals with 
recall, knowledge of principles, and application of principles within a re- 
stricted context. ^ 

Some of the major reasons put forward for not using tests on interpreta- 
tion of data, general application of principles, and the nature of proof arc: 

1. Tests of this type are too cumbersome to make and to score. IVhelher 
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or not they are "too” cumbersome and time-consuming depends upon the im- 
portance you assign to these intellectual skills and their appraisal. 

2. Tesu of this t^-pe can be handled only by the more able students. Is 
this contention supported by eindencef (ire do not ftnou'. But if ft is, would 
simpler tests for the same attributed behaviors be useful for diagnosis helpful 
to teacher and student alike?) 

3. The standardued or college entrance tests on which children are ex- 
pected to succeed do not make use ol items of this type. Correct regarding test 
Item form, but increasingly such tests are being aimed at the more complex 
mental operations. See page 420 for more on the College Entrance Board 
Examinations. 

Evaiuoting beyond recall, skills, and reasoning— olliftrc/es 

The attitudes invohed in scientific work are not easily examined by 
paper-and-pencil tests. You would expect seiy low validity of items claiming 
to test for “honesty” or “open-mindedness'' or ‘’persistence.’’ But this does not 
mean that we cannot appraise these aiitiudes. Remember that paper-and- 
pendl tests aie used only as means of replacing the actual operation. We 
must assert the validity of the test items, whereas the actual performance 
has face validity. 

In the total behavior and learning of the student in science, attitudes are 
very important. In fact, some of the studies on the identification of potential 
scientists appear to have gone astray because ilicy were concerned only with 
the “academic’’ or intellectual abilities of the children as described through 
paper-and-pencil tests. The emotional and altitudinal components are cer- 
uinly equally, if not more, imponant. Where and how can a teacher get fini- 
hand evidence of attitudes? 

Where else but in his classroom and laboratory? As children are faced 
with real problems, real frustrations (at least temporary ones), real evidence, 
and real conclusions, they react. Through their reaction patterns their atti- 
tudes stand clear. You can observe and reconi these on an anecdotal record 
form. The date and, briefly, the circumstances are useful too. 'They permit you 
to observe how the student grows or changes during his Khooling. From such 
notes a profile of attitudes can be constructed as pan of the child's descrip- 
tion. Such records arc, unfortunately, not common in the secondary school, 
but their desirability and use is apparent. 

The terse obsenation that “education is what remains after vihat we 
learned has been forgotten” cannot be passed over lightly, ll'hat remains then 
will be the general attitudes toward certain types of conditions or subject 
areas. These will influence when and what actions, if any, will be taken. 
Ohen, as science teachers, we seem logsvc little toncem to the student’s atti- 
tudes toward science, v*hich grow s*bciher we desire this or not. Perhaps, 
through lack of concern for attitudes, we are defeating the major intentions 
of our instruction. 
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huon vron ihf skm Blackett the space under A opposite the number of each 
such statemeni In ihts part of the test, your deas, on about a statemen should 
not be influenced by whether you believe the activity described could actually be 


STATEMFNTS FOR 

[A B] 
[Irrclevanl] 


lA] 


[IrTe!«\ant] 
lA B] 


[Iirelevant] 
[A BJ 

[A] 

[Ineloant] 
[A B] 


15. Secure » description of the structure of the human 

16. Find out the names of the companies svhich manu- 
facture each of the brands of hand lotion used in the ex- 
periment 

17 Male a precise laboratory analysis of each of several 
brands of hand lotion to find out the amounts and proper- 
ties of its principal ingredients, such as segctable oils, 
water, etc. 

18. Repeat the experiment sesetal limes with the same 
five lotions and under exactly the same conditions. 

19 Set up an experiment in which ten boys and ten girls 
apply a hand lotion to one hritd and no hand lotion to the 
other hand once each day for a month, and compare the 
results 

20. Send out a questionnaire to a large number of users 
of hand lotion to find out which brand is most popular. 

21. Use hand lotions leguhtly on several parts of the 
body and compare the results. 

22. Set up an experiment to compare the natural iltn 
oils to the Oils contained in hand lotions. 

2S. Compare the absoibing power of filter paper and 
human skin. 

21. Look for published information about some of the 
good and bad effects of using different brands of hand 
lotion. 


V. Direelions: Select from the slalemenu already marked under A only 
things which you think you or your class in high school could actually carry out. 
Blacken the space under B opposite the number of each such statement. 


A brief loofc of Ihe "prac/icol" aide 

The test items we have presented above are exceedingly interesting. They 
demand thought or reasoning or judgments or reflective ihinking-whatevcr 
you wish to call it. But tests of this type on the analysis of data, application of 
principles of science, or the nature of proof are not widely used. 

Most of the tests available for purchase or made by teachers have as 
their primary purpose the testing of recall or application of principles in care- 
fully selepied problems. Essentially the testing p.attern in science deals with 
recall, knowledge of principles, and application of principles within a re- 
stricted context. 

Some of the major reasons put forward for not using tests on interpreta- 
tion of data, general application of principles, and the nature of proof are: 

1. Tests of this type are too cumbersome to make and to score. Whether 
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for example, among soms 1,100 freshmen ai Hars-ard about 500 sexx^ndar^' 
schools in all parts of the country and some foreign lands are represented. 

Pressures for adzniision to the state unheniiies haie increased and Mill 
continue to increase in the sears aheaiL .\lfe3dj- seseral such irutitutions are 
using these examinations to provide information to the admission o£ccrs- 

The College Entrance Examinations are cunentlr of tsro parts. The 
Scholastic Aptitude Test is videl) used as a genera! measure of academic 
poieniialits. It consists of tvo sections khich yield "serhar and “mathe- 
matical" scores. In addition, achietctnent examinalioni in three areas are 
required or requested by a number of colleges- These three achieseznent exam- 
inations, each an hour in length, may be chosen from a list of fifteen to eighteen 
subjects offered- Those in science are biology, chemistry, and physics. Two 
examinations in mathematics are also offeredl, intermediate and adsancetf- 

Thc purpose of these examinations is to compare each student scith the 
total group who took the examination on the same date. There are no national 
norms or year-to-year standards, although she Board does study the stability of 
the tests from year to year to provide their test makers uiih advice, dearly 
there is no “passing or failing" on these examinations; they provide only a 
comparative scale. Furthermore, the significance attached to these scora to 
combination with other information varies considerably betvseen colleges.** 
Because considerable eSon is invested in developing and pretesting the 
items comprising these tests, the tets are kept “secure." But their bek of 
arailability to teachers and students iso&et by a pamphlet about all the Board 
v«Iuch describes and illustrates all their achievement tests cow in use.** 
The orienution of the tests is determined by rommiiters of college and 
school teachers. From year to year the membership of these committees is 
changed so that a sddely representative group oi teachers advises the Board on 
the caniTT of the tests. Other committees assist by svriting and appraising items 
which will be appropriate for the sosiniciioo offered in the secondary schools. 
Thereafter each item is pieicsied. and oidy about one in ten survives to be 
used in a test. This care makes the tests expensive, necessitates their security, 
and renders them birly predictive. 

Since great ore is taken to make the tests valid in terms of the ialormation 
and skills nomally being considered in science ebsses. we wonder at the special 
emphasis placed upton the tests by cer tain teachers. Especially in some eastern 
secondary schools there is a brand of course known at a “college board course" 
which is often little more than a cram session. In these, quick ttcaU is strewed 
to the minimiatJon of experience and compaebension or undauanding. The 
consequaices of “cramming" or coaching for these examinations has been 

*»Henn S. D^CT aod Itkbatd G. OoDrg' Co«rrf Tferir far nd iKitrpreU- 

lioB .Vo. 2, C45U«c Entraofc fvaT-iiniix«a Board. N. V.. 1955; ataI!i.Vle ttnJosh EdacalioQal 
Teaag Serricc. P. O. Box 5S2. PtiaCKon, S, J, « P. O Bos 27*56, Los CalitJtma; 

5130 per copr. 

2Vjmpr,«Mi of cAc Jef.inrr^fKi TeiU. CcCcse tna^arx 

fcoud. N. Y, 1955; avaiUbSe itroo^ EdwaticQal T esl ag Senicr. p. O. Bo* 592. Pnaceco. 
X. CSt milt per copr. 
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Evaluation for prediction 


Tests are often used as the basis for prediciinK sshat a person might do in 
new circumstances. For example, will a particular Im>y be likely to succeed 
in training as an aircraft pilot? To lessen the chances of his failure is impor- 
tant, because his training ssould tale much time and cost thousands of dollars 
which could ha\e been insesied in a successful candidate. Often secondary 
school personnel arc asked to help predict the successfulness of a student in a 
particular college, also with a large inscslment of time, money, and hope. 
Colleges which base studied their admission procedures find that the best 
single predictor of academic success in college is the academic record of the 
student in secondary school. 

The importance of information for picdictise purposes becomes imme- 
diately clear when we consider grades and their interpretation. A grade is a 
distillation of your various evaluation ellotts. and grading criteria differ be- 
tween teachers and schools because different information and different weight- 
ing scales are used. But others are going to interpret these grades for different 
purposes; future employers and collegiate admission officers may exj»c<t the 
grades to have a different meaning trosn that which you intended. 

Suppose that you give Susie a grade of "IV' in biology. Vour grade may 
mean that Susie is neat, attentive, and coo|>erathe and has a good memory 
(scores high on tests of recall information). Others looking at this grade may 
expect it to mean that Susie has certain developed abiliiics in science, certain 
operating skills, and an interest in the area of biology; all of which could be 
extended through further Instruction in school or on the job. WTvilc each of 
us may seem free to base our grades on any pattern of evidence we wish, the 
results must, insofar as practical, be consistent with those of external inter* 
pretators vsho use them as a basis to predict certain behaviors. 

But the predictions are not as reliable as is desirable; any additional 
information may increase the precision of prediction. Therefore, interviews, 
recommendations, and special examinations are used. 

The College Entrance Examination Board was founded in ]*JOO when the 
independent colleges began its enroll appreciable numbers of students from 
widely scattered schools. No longer was it practical to examine the student in 
person at the college prior to admission. Some less expensive and quicker 
technique was needed. Despite whatever instructional standards the colleges 
might recommend to the schools, instruction would differ between schools. 
As grades probably had different meanings (as they still do), some common 
basis on which to appraise applicanu was dearly necessary. Therefore, a small 
group ol colleges banded together to form the College Entrance Examination 
Board (CEEB). Now over 200 colleges are members.’® Steadily the number 
of schools represented in a collegiate freshman class has grown. At present, 

*» For a irpori on ihe history and activities ot this Board, see CUode M. Fuen. op. cit. 
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Beginning In 1P51 the Board appointed a tcriej of coinmiite« to explore 
the ponibillties of shifting the emphasis of the science examinations tovrard 
more general scientific atmbutes. The initial committee thought that their 
responsibiVns might be de\ eloped and clarified through a single operation. 

The "opoaiion" a g reed upon «s the int-enkw of a single test designed (I) 
to oeasure the lest! and scope of the candidate's Ino^Jedgt and his abthtT to 
appiv this LnostJedge to sobe prt&lecis. and (J) to inquire into the cacdidite's 
liieracT in science as shown bs his abHirr to analsae scientific literattire. to aaafrre 
the principles of science, and to use seietitific taethodi.** 

Out of this initial eEort, through a scries of committee*, grew the Tests 
of Developed Ability which hast been tried cxperimentalls on many secondary 
school seniors and college freshmen. 'Tbe rcsulu though far from condushe 
s>ere so encouraging that similar committees ssrre established in the Humani- 
ties and the Social Studies. If colleges wish to put greater emphasis in their 
admission procedures upon des eloped abilities, such tests would be of great 
ralue. 

Tbe argument is simple: we are born with certain latest abilities which 
only become significant as they are developed. Inasmuch as schooling offers 
oppoitUBities lor these abilities to be dcseloped. the degree to which they have 
been deseloped should be indicatise of further deselopment in college. 

In a nearh final expoimental form.^ 

Tbe saence (esi consul* of two parts. Tbe first ts a CO-itea. BuIu'pIe<holce 
’‘gVxurr' teeuon reqairing M minutes aod cosering undenanding of the basic 
forms and concepts ui the six areas of science fr o m which problems w-ere selected 
— phssio. cbemistTT. biologr, seteorofogy. asDc ooui r. and geologv. 

Tbe second part u a TO-item. euIiiple<boice section requiring 90 minutes and 
cosering the abEin to appl* soeniific faeu and prindplo to the ondmta&diag 
of data such as one might encouaier in limber rtudr of sdesce in coUege or in 
life. Tbe answers to the questions require in many case the applicatkia of quan- 
titathe ihinhing. partirularlT in the understanding of graphs or in reading of 
tablet. The basic steps in sdeniific thinking are applied in reaching conclusioas 
from dscription* of expoioents. Tbe student is required to reason sciaiuficallT 
as be predicts tbe «£ea of certain treatment. He is required to apply jo'entiSe 
generalirationi to specific sitoauons. In all cases, the studoii must have some 
Lnowledge of basic sdenufic methods and CDzxepts in ordo- to reach ccurect 
answers to the questions. The problems are deerpme in that they often appear to 
be simplr reading problems, but a careful analysis reveals that the passages, which 
appear simple to one with training in science, seem to base little meaning for one 
without soetuific training. Reports from the experimental administratkms indi- 
cate that many students who bad taken no courses iu saence w ere unable to make 
wvix she qa«>'Cioc&. 

Just what usage will be made of these tests and when is not yet decided. 
But the indication is clear that the CEEB is desiroirs of shifting the emphasis 
of its examinations more toward the direction of desTloped abilities. The 

*»P. F. Brandwein. “Science Teaching and the Boards Scieiiir Tots,” Col/egr Boerd 
Review, >,a 15. Nov. 1951. p. 227. 

WHoirT S. Dtct and Uilham I- CoSman. "The Tots of Developed .AbilitT.” Co!U%* 
Board Rrvtnr, No. SI. Wiater 1S5T. p. 9. 
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TAfilE 19-4 How man/ sfudenfs fake tAe CFEB acAlevemenf fesfs /n science? 


Suftjfrt 


Fraelion of 
enrollment 

F.xama taking 

taken f examination 


Biology 1^1.000 7,025 00034 

Chemistry 4‘<).000 I4,9SJ .031 

Physia 3034100 1ZJ96 4m 


Board, 


Bro»n, OfferiHgj and Lneollmenls m Seience and Mathematics in Fublie High 
, ;«3C-J5, U S Covenrtiient rttiiting OfTicc. Uasiiingion, D. C, 1936 As a desaip- 
the populiiion \»ho might ha»e uLcn the examination, these figurej are too low. 
• omit aljoiit 8 oer cent of the age group enrolletl in nonpuhlic ichools. 

f' director. I«f, The College Entrance Examination 
laiions! ^ ******* *'"‘lent« tool a battery of three athieiement 


studied by the Board; e\cn though they advised ihc "cram imtruciors,” little 
or no significant gain t\a$ shown by the "cfamincd" students.** 

Ironically, this \ery intent upon the examinations may so warp the in- 
struction that students who setmiingly do well or arc Vnown to base "studW’ 
the subject in secondary school ate ultimately almost indistinguishable from 
others in college who hate not "elected" the course in secondary school. Since 
a student tales only three achiesemeni examinations, usually including Eng- 
lish, he cannot tale examinations in all the subjects stmlied even in his senior 
year, let alone through his entire secondary school career. Usually only a small 
fraction of any particular class of seniors does tale the examination in that 
subject. The 1954-55 figures are shown in Table 19-4. 

In the light of this information, we cannot but be deeply concerned about 
those teachers svho insist that their primary responsibihiy to the pupils enrolled 
w-tih them IS to prepare them for the college entrance examinations." Our 
worry about such a narrow viesv of a leachef, responsibilities i, enhanced by 
obsemtion of the seemingly mdefemible "cramming" methods often used. 
J\e earnest y suggest that teachers concerned about these examinations examine 
h ir school records for the pas. five year, and derive the actual percentage of 

l-Wi-l'e-i In 

tb= bublicT, r b About 1911 

b’’ Through the 

include emnh • emphasis in the examinations gradually changed to 

include emphasis upon application of principles as wi - 



„ ». 216. im. =^f3,Xi. 

»ard, ;ounia» i>y Chrmieal Edi 
e Lollvge EniniKc Examinadon ISoarct,’ 


y Exaiiiination of tl 
413. 1910. a 
].Phy,.9. 
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9. Jbiljtj lo resd sdnttipe netensb cHtiesilj 

Thii is dwigtsed to indt^ icdi abilities as the abOitr to ideotifT tbe 
aD f gtdlT or pisevdofocnuSc and to recognise such thiogs as the ade- 
quacy of data, accuracy, amount of approiimarion, use of signiEcact 
£gum, aod extra polatioa. 

10. Ability to apply snewtijEc lays and pnndples lo fc^ihsr or xtnfs’^ilier 
situations 

Some eleisent of this ability arfll prtAably be tested in alaon e va» 
item that tan be demised. Htnrei-er, in a properly designed test, few 
items st-ould fall solely into ibk category. 

Notice the complete ladk. of any mention of specific subject maieriaL 
Notice also the similanties of this statement with the general operating skills 
and abilities listed b> Nrdehky and by Burke and those in books on the aims 
of genera! education in science. Emphasts upon general objectires such as these 
is Tcry significant, for these ob}ecti\-es ate “subject-matter £ree“; that is, they 
appear over and over again in the behaviors of scientists irrespeclivc of the 
particular subject or problem being studied. Thoughtful examination of the 
pxiientialides of almost any scientific problem uil] rescal that its insestigation 
would require manv or possibly all of the abilities listed. 

As an example, etamine the following test iicia from a preliminary form 
of the science examination which shows the inttat and form of the new lets.** 

Semple Test Item 

TOT or Doxxorm aanan is soc^ 

In <wda to breed covs which produce Urge asouoa of sulk, one most deter- 
mine the boll's aanfiniiting ability— hts abOiry to pass on the traits of good »pnt 
productioii. The chart (p. ■tSS] is a method developed by Heirm which be found 
useful in selecsmg bulls with high transsunieg abilitT. These bulls were theu 
mated with cows. 

Hus chart is used for detennining the crassmitiing ab3ity of a bull in regard 
to milt production. The formula is based on mearuiements of the danghta' s 
producxiou. 

To use the chan, locate the daugbio' s avenge production at the left, follow 
horizontally to the right unifl the diagonal line is reached, and then follow verti- 
cally down and read the figure oo the base line. Subtratx hom ifi »« figure the 
moiher's average produOioQ. The result » she bull’s transnittsng ahSity. 

1-S. Bull was mated srith a cow and over a period of years produced six 
daughters. The avmage milt production of the daughters was 15,000 pounds. The 
avoage rriiii production of the tuotba was lljOOO pounds. 

Bull B was mated with a cow aod over a period of years produced seven 
tlaughtov The average milt production of the daughters was H4W0 pounds. The 
average ttnlV yaod-ornon of the vsKrtSsei was IB.Wi pouads. 

I. On the basis of the data, the trammitling ability of Bull B. in pounds 
is approximately 

(.\) UWO (B) I5.000 (C> 16.000 (D) 17.000 (E) 18^ 

^ Oa the basis of the data, a faiuxT wishing to buy a bull 
(.\) should pay a higher ywicc few .-V than for B 

*’ P. F. Brasdveiii. The Gtjied StoAent «s Fatme Scimtiji, HaztoDn. Brace. 1853, 

SS.S7. 
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particular science abilities which wntually were adopted as the basis for the 
exploratory Test oi Dexeloped MAMvf in Science appear below.” 

Basic ivrtNTS of tect or deveiopeo Aanmea ix science 
I. Scientific Thinking 

1. Ability to identify end define a scientific problem 

This category indudes die ability to recognize the problem present in 
a giien situation, to isolate the problem from the extraneous matmal, 
and to define the problem in specific tenns preparatory to devising 

solutions 

2 Ability to suggest or recognize 0 scientific hypothesis 

Within this category fall such abilities as the ability to synthoize daU 
pertinent to a {^blem and the ability to recognize the possibility of 
testing an hypothesis. 

3 Ability to propose or select validating procedures (both logical and 

empirical) 

This encompasses the design of experiments, the ability to plan or 
retognue an adequate plan foi the collection ol data, the ability to 
make logical predictions, and the ability to design apparatus set-ups. 

4. to obtain requisite data 

Examples o( abilities which wxiuld fall within this category are the 
abilit)’ to make observations, the ability to manipulate laboratory 
equipment, and the ability to assemble bboratory equipment m a 
logical sequence. 

5. /f&iiity to interpret data, i.e., to recognize or formulate valid conclu- 
sions or generalizations from information inown or given 

This encompasses the abilit) to interpret data giien in maps, charts, 
graphs, diagrams, and veibal inaieiials, and to make generalizations 
or draw condusions based on data giien. In essence, this is the ability 
to extract Crom collected data eiidence veiiiying or disproving a giten 
hypothesu 

6 Ability to check the logical consistency of on hypothesis ziiith relevant 
laiis, facts, observations, or experiments 

This category includes the ability to recognize the applicability, logi- 
cal consistency, and plausibility ol an hypothesis. In essence, this is a 
synthesis of abilities S, 3. and 5. 
n. Scientific Skills 

1. Ability lo reason quantitalkely and symbolically 

This ability mcompasses three major manipulatiie skills: 
a ability to understand and perform numerical operations 
b ability to understand and use symbolic relations 
c. ability to understand and use information presented in graphs. 

charts, tables, diagrams, maps, and ictbal materials 
The abilities includ^ within ^s category are considered to be purely 
manipulatiie. eg, the ability to read a graph or an equation. 

8. Ability to dufinguisb 

a. among fact, hypothesis, and opinions 

b, the televam from the iireleiant 

This is essentially the ability to abstract the lital information from a 
wealth of data collected by someone else, and to ignore the infonna- 
tion extraneous to the problem at hand. 

” Through the permission d the CoUege Enuance Examination Board. 


DmUMINlNG THE SUCCESS OF SOENCE TEACHING 



(A) Both predictions *>11 be equally reliable since both are based on the 
same principle. 

(B) The prediction imolving H,000 pounds *ill be reliable since it is on 
the present graph, but the other prediction will be wrong. 

(C) The prediction involving 14,000 pounds will be reliable since it is 
read ui a region where the data show that the prindple holds, while 
the other prediction is less reliable because it goes be}ond the region 
where the data are shown to hold. 

(D) Both predictions are rchable since a straight line graph can be ex- 
tended indefinitely. 

(E) It is impossible to answer this without knowing more about the breed 
o( cattle. 

To help >ou recognire the knowledge skills, and abilities required to answer 
the five items of this question, we suggest that you answer each part and record 
what you were obliged to recall and to judge as you reached an answer. These 
five items call upon quite different developed abilities. The amount of recall 
inlormaiion is loiv; most of what is needed is given. Yet the items are not easy. 

If examinations based on these general abilities are adopted by the College 
Board and are also used frequently in secondary schools as well as colleges, we 
shall have, for the first time in a half century, consistency between the be- 
havioral objectives of science instruction in the secondary schools and in the 
colleges, as well as in the tests used as screening devices between them. 

You may find some of the following references on evaluation useful. 

Ccoobach, L. J., Eucnixib of Psychological Testing, N. Y v Harper, 1949. 

Dressek Paul L.. and Clarence R. Nelson. Questions «n<f Problems m 5cicnce, Test Item 
Folio I, Princeton, N, J.; Educational Testing Service, 1956. 

Dressel, Paul and L. B. Mayhew. General Sdueolion, Explorations in Evaluation, 
IV’asbington, D. C.: American Council on Education, 19S4. 

Dyer, Henry S., and Richard G. King, College Board Stores, Their Vse and Interpre- 
tation, iVo. 2, N. Y.: College Entrance Examination Board, 1935. 

Educational Measurement, ed. by E. F. Lindquist, Washington, D. C-: American Coun- 
cil on Education, 1931. 

Caiieit, H. E., Elementary Stalislics, N. Y'.. Longmans. Green, 1956. 

Cerberich. Joseph R., Specimen Ob/eclive Test /rents, M. Y.: Longmans, Green, 1956. 
Guilford, J. P., Psychometric Methods, N. Y’.; McCraw-Hill, 1936. 

Hawke, H. E., E. F. Lindquist, and C. R, Mann. The Construction and Use of Achieve- 
ment Examinations, Boston: Houghton MiSin, 1936. 

National Society for the Study of Education (NSSE). Forty-Fifth Yearbook, Part 1, 
The .Ifeujurement of Understanding, Chicago: U. of Chicago Press, 1946. 

Noll, Victor H., Introduction to Educational Measurement, Boston: Houghton Mifflin, 
1957. 

Ross, C, C., rev. by J. C. Stanley, A/easureTiienl m Today’s Schools, Englewood Cliffs, 
N. J.: Prentice-Hall, 1954. 

Smith, E. R-, and R. W. Tyler, Appraising and Recording Student Progress, N. Y.: 
Harper, 1942. 

Thomas, R- Murray, Judging Student Progress, N. Y’.: Longmans. Green, 1954. 

Travers, R- M. W., How to Make Achwement Tests, N. Y’.: Odyssey Press, 1950. 

• ' — , Educational Measurement, N. Y.: Macmillan, 1955. 
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(TOiFitr't P'oduetion Ia pounds ond bull's tronsmittinq ot'lily 


(B) should pay a higher prke for B than for A 

(C) should pay the tame price for both bulls 

(D) should buy neither of these butls 

(E) cannot tell Khich bull it uotth more 
S. The chart gnen is in reality 

(A) a hypothesis 

(B) a generaliration based on eupcrience 

(C) a result of iheoietical study 

(D) a law of breeding affecting all antcnals 
(£) none of the aboie 

4. "It can be predicted that a bull with high iransmilling ability will base 
daughters with high milV ptodtwtion." Thfa statement it 

(A) warranted by the data in the chart 

(B) contradicted by the data in the chart 

(C) too dilhcuU to cbefh 

(D) only partially correct because it does not contain data on the mill 
production of the mother 

(E) only partially conect because it does not contain data on the breed of 
the buU 

5 The chart is extended in order to tnaVe a prediction of the bull’s trans 
milting ability where the daughter's produaion is 23,000 pounds and the mother's 
production is 30,000 pounds. Which one of the following is true in regard to this 
prediction compared wnb a prediction where the daughter's production is 14,000 
pounds? 
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lake or choose to take, such as the special examinations for college entrance, 
scholarship examinations, etc. 

\Miat sort ol program Avould suit thdr purposes? 

The realities of the situation. As throughout the nation, the teachers kness* 
that many of the students (at least 60 per cent in this school) did not have the 
ability to succeed in college. Of approximately 40 per cent svho would apply 
to college,^ a fair number s\ould choose to take the College Board Examina- 
tions in physjcs or chemistry, and the levfest in biology (see p. 418). 

Nearly all of the students would take the Regents Examinations. (Approxi- 
mately 90 per cent did.) 

Different tracks. Early in its history, this science department had decided 
to institute different tracks for the science shy and science prone (see Chapters 
8 and 9). After some thirteen years of svork, the tracks described in Chapter 3 
s\ ere des eloped (see Table 3-4). Naturally, different tests needed to be deseloped 
for each track. For instance, a course in physics which is highly mathematical 
in its treatment cannot be esaluaied with the same testing tooU appropriate 
for a descriptne course in physical science. A course in advanced science (with 
its base in project work) has a different basis for esaluation than a course in 
biology. 

Par volue. If one deselops different tracks for different students, having 
different interests and abilities, one cannot expect all studenu to teach the 
tame degree of accomplishment. With any instrument of evaluation, e.g., a 
paper-and-pencil test, one expecu the scores of students to "spread” as a result 
of their effort. This would be fine, if we began with students of equal promise. 

But we are again reminded of Harold Hand’s fable (page 146); Sam Spar* 
row and Sid Swallow will do differently in the same course in flying, not 
because of effort or interest, but because of different hereditary qualities. It 
seems reasonable that a sparrow that flies as well as he can, and a swallow that 
flies as w'ell as he can should each be awarded the highest grade for the highest 
expression of his ability. Thus a sparrow would get an A for flying his best, and 
so would a swallow. 

Put another way, since children do not choose their patents or theii 
heredity, they should not be stigmatired for them. Howeier, the realities of 
our present way of life cannot be dismissed; there seems to be a need for know- 
ing the accomplishments of people in terms of a “standard" which has been 
established, and which is generally understood. 

In this science department, there was an attempt to establish a grade based 
on the principle of par value. Essentially this meant that a student who worked 
to the best of his ability (par for his ability, par for the course) should get the 
highest grade. Thus a student with a 90 LQ., who worked to the best of his 
ability, would achieve the same grade (100%, or A) that a student with 150 I.Q. 
would achieve if he worked to the best of his ability. This seemed equitable. 
Vet surely, colleges and employers would not accept this practice, because to 

iThi] is rather high {ompared to the nalkm »faere about 30 per cent of the graduates 
enter college. 
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CHAPTER 20 


Appraising the student: 

An approach to test building 
and interpretation 


A note at the beginning: AH tcadicrt male test*. All teachen arc constantly 
faced with the twin tasks of improsing their tests and in- 
terpreting test scores. While we cannot go deeply into either 
of these operations, we hojic that what wc say is suHicient to 
be of some help, at hast, initially; expertness in testing 
comes after long ex|>crien<e. 

We begin with a case study in which a test was designed 
that actually siiimilatcd students to read and learn more 
than they would hate without the test. Testing is concernetl 
not solely with measurement, but also with stimulating 
learning. Then, in a lengthy ”Exriir8ion.'‘ we consider some 
aspects of test-making, interpretation of standardised test 
scores, and the meaning of "scaled scores" of various types. 


A ease study in evaluation 


The group of teachers who comprised one science department (an actual 
cine) had the usual run of youngsters, from I.Q. 70-75 to the upper end of the 
distribution cune. They had to gisc grades to all. They had to eise tests, for 
many reasons: 


1. As a basis for determining the extent of learning. 

2. As a basis for determining the success of teaching 

3. As . ba,.. tor r.poriing ihroogh gnite il,o,u„„. „i parent,. 

P-o™,f„"a:rgI.Ta:r'"'® P-l-o-, ot UiaBnei,. 

N™ Yorl. S.aic board ot Regent. direciRe: all 
the area ISe' o ">"•• “l-c a Regenu Eiianitnation in 

le'ence." ‘ and earth 

6. To prepare young people tor yariou, exatninatlora they will need to 
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that more than memorization was needed to achieve a high grade. In addition, 
practice was given students in taking tests; methods of study were illustrated 
and discussed; methods of preparing for examinations svere analj-zed; ps)cho- 
logical tricks in doing short answer items and essay tests were develop^. 

Teacher participation in the program of evaluation. In the department 
under discussion, the teachen participated in deseloping tests as fully as they 
wished. Eventually, it was recognired that tests made by teachers were not 
necessarily valid or reliable, if only because effective test items are difficult to 
develop. Finally, it was realized that for testing the recall and application of 
information, teachers in New York were fortunate, for the Board of Regents 
had over the years developed a rather full series of examination items in all 
science areas.* These items had been pretested, and there were over 1000 items 
in each subject area. 

The teachers who were interested (and not all were) placed on a card 
the following information for each item: 

Topic Physics 

Hem: To produce an enlarged virtual image with a convex lens, the object 

distance ahould be (1) less than 1/ (3) between 1/ and 2/ (S) greater than 2/. 

Average per cent giving correct response: 75% 

Note that space was left for an indication of the response to the item; 
this was desirable in view of the use of these cards. Once these responses had 
been determined by a number of uses of each item, a test could be assembled 
of 50 such items, of which- 

10 were of the type in which about 15 per cent of the students had pre- 
viously given successful responses. 

10 were of the type in which about 95 per cent of the students had pre- 
viously given successful responses. 

30 were of the type in which about 70 per cent of the students had pre- 
viously given successful responses. 

After several years of experience, we were able to build tests which gave 
the spread of scores we wanted: an average score around 75% to 80%, with 
ten per cent of the scores above 90% and ten per cent of the scores below 
60%.* By selecting test items of known difficulty in this way, tests can be built 
to produce any pattern of scores desired. 

Not only short-ansvver items, but also situational items and essay items 
■were developed (see ’Delow'y. Ilie essay ifteim -weit spmaYrj designed 7or re- 
liability in rating. 

Out of this interest in dcvelt^ing their own testing program, the teachers 

*These icems are useful tor lescing subject Boauer knoHlrdge in all schools throughout 
the naUon: in our experience, they are as g<wd as any dev ised elsex here- 

* Parents were glad to know that care was being developed in preparing the tests. Put- 
thennorc. they were also impressed by the faa that care had been taken in getting a kind of 
“nonn" so that students were being treated fairly. 
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them a grade of A has different meaning. The school’s report would be incon- 
sistent seith the meaning attached to it by others. 

To make a long story short, eventually there was established in the school, 
as in some other school systems, a General Diploma not intended for acceptance 
for college entrance. The science department could then institute a modifica- 
tion of this principle of par value; that is, students who were not intending to 
apply for college entrance could be graded on a different base line. In short, 
a "G ' grade was instituted; thus sciencc-shy students could achieve a grade of 
OUG (and conceivably lOOG) in tests (and courses) specially designed for them. 
These tests consisted of nonmathematical items; certain of these tests involved 
the use of texts to which the student could refer. The G grade was acceptable 
towarc) a General Diploma, but not toward a Colfege Entrance Diploma. 

In any event, as unsatisfactory as the situation still is. a student with a low 
I.Q. would not be (ailed if he worked to his capacity. Similarly, although he 
could get a diploma and would thus be graduated, his grades would be dif- 
ferentiated by the symbol “G.” Tim would, in a sense, presuppose that the 
students’ capacities had been tested in classes where so-called "regular” stand- 
ards obtained, and that these students could not meet these standards. Schools 
have far to go before creating a report system which meets the goals of sound 
social and psychological, as well as educational, thinking. But the injustice of 
"failure” for unequal heredity can be ameliorated with a device such as this. 

Student shoring In testing. At the beginning of any course, particularly 
in general science, the meaning of grades and the nature of testing were dis- 
cussed with the students. Students more readily accept the distasteful task of 
taking tests when they have diKussed the need for tests, when they have a part 
in formulating the goals of testing. v.hen they have a pan in planning the 
extent and time of the test. For example, they prepare test questions, and have 
practice and advice in taking their own tests in preparation for taking a test. 

Similarly, as students understand the total scope of the testing program 
and the way it will be used in developing their grades, they collaborate in the 
learning and teaching process. In this department of which we speak, the final 
grade was determined as shown in Table 20 1. It became clear to the students 


TABtE 20-1 Oeterminoiions of finoj grades 



Tyfte of cvaluotion 

Per cent of 
final grade 

Paper 

and i-.im 

70% 

10% 

An 

imare at Jaboraiory stork 

■mate of pariicipation in clan (oral reooris 

wnuen repons. coinmiiire wort, indudin? a re- 
port on a txwk) * 

10% 

A project (an cxhvbii, or a piecE of apparatus lo 


■rate a principle of icsetKe. prepared at home) 

10% 

— 


100% 


4}i 
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IS. A ray ot light will bend the nonnal when entering a 

medium o£ greater optical density. 

21, 22. When viewing red print on a white background through a 

blue glass filter, the letters will appear (21) while the background 

will appear (22) 


5. If a man uses a force of 30 pounds to move a 200 pound safe 

10 feet, the work done is foot-poonds. 5 

6. The electrical resistance of a wire is inversely proportional 

to its 6 

7. A 500-gram weight is approximately equal to a ——-pound 

weight. 7 


8 Fifty centimeters below the surface of fresh water, the pressure 

in grams per square centimeter is 

9. A change in the emphasized overtones will produce a change 
in the of a sound. 

10 A 2 horsepower motor can do work at the rate of foot- 

pounds per second. 

11. A note three octaves above a note of 100 vibrations per second 
has vibrations per second. 

12 The alternating current in the armature of a generator is con- 
verted to direct current by a device called a (an) - 

13. A 550-watt toaster that draws 5 amperes must have a resistance 
of ohms. 

16. The specific gravity of uranium is 187. Ten cubic centimeters 
of uranium weighs (1) 1.87 grams (2) 8.7 grams (3) 28.7 grams (4) 187 
grams. 

17. A device used for "atom smashing" is the (I) electron micro- 
scope (2) cyclotron (S) oscilloscope (4) electroscope. 

18 A wire heated to incandescence emits (I) protons (2) neutrons 
(S) mesotrons (4) electrons 

20 The number of calories of heat liberated when 1 kilogram of 
water freeres is (1) 80 (2) 540 (5) 80.000 (4) 54,000. 

21. The resultant of two forces is a minimum when the angle be- 
tween the two forces is (1) 0* (2) 45* (3) 90* (4) 180*. 

23. When the carbon granules in a telephone transmitter are com- 
pressed, the current in the transmitter circuit (I) ceases (2) decreases 
(3) increases (4) remains the same. 

24. The decrease in pressure at the top of a chimney when the 
wind blows across it is explained by a physical principle first stated by 
(I) Torricelli (2) Pascal (3) Bernoulli (4) Boylc. 

25. An aneroid barometer consists of part of a can containing 

(1) water (2) mercury (3) a partial vacuum (4) compressed air. 

28. An object falls from an airplane. As it approaches the earth, 
there is an appreciable increase in its (1) mass (2) velocity (3) accelera- 
tion (4) potential energy. 

33. Momentum is equal to the product of mass and (1) force 

(2) time (3) velocity (4) acceleration. 

34. Of the following, the unit of energy is the (1) ampere (2) watt 

(3) gram (4) calorie. 

37. A bullet fired horizontally at a speed of 2,000 feet per second 
will (1) fall 32 feet during the first second (2) fall 16 feet during the 
first second (3) not fall at all (4) fall less than a foot. 


8 

9 

10 




24 

25 


33 

34 

37 
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in this department developed an exceedingly interesting device: a test that 
actually stimulated students to study harder. 

A test which stimulates students to study herder. As is the custom els^ 
where, the teachers in this department were accustomed to testing students at 
the end of a unit of work. One of the teadiers hit on the scheme of not only 
testing students on the unit which they had completed, but giving them "bonus'’ 
questions on the work not yet done in class-a bonus for "knowing more.” 

Finally, four of the teachers in the department used a test somewhat like 
the example which follows. Pan A » concerned with wort just covered. Part B 
consists of items which span the entire course. Some of these items are based on 
review, others involve new topics not yet considered in class. The effect of the 
test was to stimulate the student to review and to read ahead, since at all times 
he could receive credit for "knowing more.” Since in the "bonus” questions we 
wished to encourage knowing rather than guessing, a penalty for incorrect 
answers to these questions was applied. Such tests were given throughout the 
entire year, The procedure was acceptable lo students and parents. 

What happened when students consistently received scores over 100. as a 
number of the best did? The parents of these students received letters (dupli- 
cates of which were put in the students’ cumulative envelopes) indicating that 
these students were entitled to the department's recommendation. These letters 
were prized by both parents and students. 

Assume that the students have just finished work on lenses and on refrao 
lion and diffraction. We reproduce only tampU items here; the tests generally 
had at least 25 items m Parc A and 50 objective and essay items in Part B. 

Directions to Ihe student. Scoring plan (or Part A* 4 points per item Re- 
tnembet, however, out usual practice. You may earn extra points from Part B 
For any item taken in Pan B we offer I aedu for a correct answer, but 2 credits 
Will be taken off for an incorrect answer. You may take any part of (tsay 
question for the same credit as any other question. 


raar a 

1. The image produced by a pinhole camera is inverted because 

(1) light travels in straight lines (2) there a no lens (3) focusing is 
impossible. 

4 Images formed by plane mirrors arc always (1) laterally reversed 

(2) real (3) smaller than the object. 

5. Wall painting is stippled (made rough) in order to avoid (I) dif 
fuse reflection (2) absorption of li^t (S) regular reflection. 

7. Rays ol light connng liom a point and pauing through a con- 
vex lens will (I) necessarily emerge parallel to each other (2) converge at 
the principal focus (3) converge al a point other than the principal 
focus. 


9 The wave length of red light is (1> less than (2) greater than 
(3) equal to, the wave length of blue lig^L 

10. The speed of red light in glass is (1) greater than (2) less than 
(3) the same as, the speed of blue light in glass 

emit. Its own light is called a body 

U. The portion of a shadow that is only partly darkened is called 


the _ 


9 

10 

n 
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c. Steel plates are fastened together with red hot rivets. 

d. A large soap bubble is not crushed even though a total force of several 
hundred pounds is exerted on it by the atmosphere. 

e. Although a piece of metal and a piece of -wood are both at a tem- 
perature of 40* F, the metal feels colder than the wood. 

f. An electric refrigerator tends to increase the temperature of the room 
in which It operates. 

8. A 180-ohm resistor, a 60-obm resutor, and an ammeter are connected in 

series to a 120-volt source. 

a. Draw 3 labeled diagram of the drcuii. 

b. What current should the ammeter indicate? 

c. Find the voltage drop across the 180-ohm resistor. 

d. Find the wattage in the 60-ohni resistor. 

c. In which resistor vvill the heat be developed at the greater rate? 

\Ve have sampled here a test in physics; similar ones were given in general 
science, biology, and chemistry as v,tll. 

Most important of all was the fact that students of all calibers liked these 
tests; the science shy because they had the opportunity to make up deficiencies, 
the science prone because they were rewarded for knowing more. It was a fact 
that most students in the class actually finished the textbook before the year 
was up, and that most students kept up a constant review. If tests have to be 
gisen, if subject matter knowledge has to be tested, svhy not use tests to stimu- 
late additional study? 

Incidentally, although a large file of test items was drawn upon $0 that no 
two tests svere alike, individual items often appeared several times. There was 
no restriction on a student's selecting again an item he had previously received 
credit for. The teachers fell that it was just as important for a student to get 
the right answer a second time as it was the first time. And, of course, knowing 
that their information was not a dead issue once they had exhibited it, students 
were more likely to retain information. 

This department furchermore developed from these tests a criterion of 
promise in science: undoubtedly there are many others. Gradually we found 
that students who consistently scored 120 and over on tests such as the pre- 
ceding were in the group which we described as the science prone. These 
students worked harder, had higher ability (verbal and mathematical), and 
were better organized than their age mates. 

Standard examinations. A group of conscientious teachen cannot make 
tests and grading scales without desiring some check on its judgment, its 
teaching program, its achievement. 

This department gave three sets of tests at five-year intervals to a random 
sample of its students. These tests were: 

1. Tests of Primary Menial Abilities, poblishcd by Science Research Asso- 
ciates, Chicago, 111. These describe the caliber of the students as a check 
against the tests already available (I.Q. score, reading score, and arithmetic 
score). 

2. Tests 2 and 6 of the Iowa Tests of Educational Development: 
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39. An inCTcase in the amplitude o( a sound v.atc increases the 
pitch of ihe sound. 

iO. The suengih of an electromagnet depends upon the current 

and the direction of mndmg of the coil of uire. 

41. Heat is cransmiiied from the sun to the earth by conduction. 

44 Ihe \olutne of a g.n at constant temperature saria directly 
with ilie pressure. 

45 A lead storage cell was charged. The electrolyte's density 

increased. 

46 K a lowresiswnce shunt is placed across the terminals of a 
gaUanometer. the instrument may he used as an ammeter. 

50 Light of a single wate length (monochromatic light) cannot he 
refracted. 


39.^ 

40 

4V 


45. 


I. Desaibe simple experimental procedures that may be usetl to deienmne 
file of the following- 

a. The dew point of the air in a room 

b. The two fixed points on an unmailed thermometer. 

c. Which of two metals is the betier conductor of heat. 

d. The effect of a change of pressure on the boiling point of water. 

* Thtt there is no change in tempaature during a change of state. 

f Which of two liquids has the greater heat capacity. 

4. a. A boy is gben a mallet, a lew rUsiic bands, and two tuning foris ol 
the same frei[uency. moumcil on lesonaiiiig boxes. Explain how he 
could demonstrate: (I) <S)Tnpaih<iic \tbraiion (2) Beau. 

b. A burner fires a gun and hears the echo Irom a cliff 11.4 seconds later. 
The lemperature b 10* C. 

(I) Calculate the speed of the sound 

(2> Tind the distance Itoro the hunter to the cliff. 

6. a, Find the candle power of an arc lamp in a motion picture projector 
that w ill produce an intensity of illumination of 0 25 fooKandle on a 
saeen 100 feet from the lamp. 

b. A spotlight with a ted filter casts a beam of light on a couple on a 
daritned dance floor. The boy wears a blue suit and the girl wears a 
ted dress. Sate and explain the appearance of the suit and of the 
dress when siewed under these conditions. 

c. Copy and compicie roeh of the diagrams below to show the paths of 
the light rats indicated 



7. Give an expl.mition based on physical principles for each of five of the 
following statements 

a. The weight ol an objert may change although its mass remains the 

b. IVhen a thermometer u placed in boiling water, the mercury falls 
slightly and then rues. 
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a. Applicaliort of Principles in Science 

b. Application of Principles in Physical Science 
c Application of Principles in Biological Science 

Published by Cooperative Test Service, Revised Series, Form Q, Nesv York: 

d. Cooperative General Science Test (Form Q) 

e. Cooperative Biology Test 

f. Cooperative Physics T est 

g. Cooperative Chemistry Test 

Obtainable from Science Research Associates, Chicago: 

h. Iowa Tests for Educational Development, particularly, "General Back- 
ground in the Natural Sciences"; also “Reading— Natural Sciences.” 

Obtainable from the ^Vorld Book Company, Neur York: 

i. Read General Science Test 

j. Nelson Biology Test 

k. Anderson Chemistry Test 

l. Dunning Physics Test 

m. In addition, Dr- Dressel and Pr. Nelson have developed a comprehen- 
she folio of college test items obtainable through Educational Testing Service. 
It may suggest lest items appropriate to your classes. 

n. Practically every large publisher of textbooks offen accompanying 
booklets of tests. There are a multitude of items in each test. 

3. There are also useful general guides to test constmction. W'e list a few 
of them: 

Fourth Mental Measurement yearbook, ed. by O. K. Buros, Highland Park. N. J.: 

Gryphon Press, 1953. (This is one of a group of lest re%iews.) 

Cerberich, Joseph R., Specimen Ob/eelrve Test Items, ti. Y.: Longmans, Green, 1956. 
Grases, R. Jf., How to Make Achievement Tests, N. Y.: Od)Ssey Press, 1950. 

Has^ke, H. E., E. F. Lindquist, and C. R. Mann. The Comirvetion and Use of Achieve- 
ment Examinations, Boston: Houston Mifflin, 1936. (Although "old,'' still sery 

Wicheels, AV. J., and M. R. Karnes, Meojiiring Educational Achievement, N. Y.: 
McGraw-Hill. 1950. 

Raihs, L. E.. "Techniques for Test Consmiciion," Educational Research Bulletin, 
Ohio State Unhersity, 17:83-114, April 1938. 

Thomas, R. hfuiray, Judging Student Progress, N. Y,; Longrnans. Green, 1954. 

4. In addition, there is clearly another most impoitant source of test 
items. This source is at the cutting edge of research and test deselopment. For 
instance, there is the "Thinking Project" of the Unhenity of Illinois. Its aim 
is to study the svay young people think; but, as a result of the svork, a multitude 
of interesting test items were developed (much as in the Eight-Year Study). 
Two of the items are offered here, as examples. 
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Test 2 (Form Y-2), "Genenil Background in the Natural Sciences.” 

Test C (Form Y-2), '•Interpretation-Natural Sciences.” 

3. Regular examinations of the Board of Regents in biology, chemistry, 
and physics, through which comparisons were made with the achicsemcnis ot 
similar schools in the state. 

The net result of this plan of esaluation sve base described was to feed 
back to the members of the deparimeiu infomution on the cfrcctiscncss of 
their teaching. This led to constant review of their purposes and goals. And 
this is a major purpose of evaluation: the iniproiement of instruction. 


An exeuTs'ion 

ifjfo developing one's own 
evofuafion program 

Sources of test Hems and informalion 

T”'';'"’ )«"• ol lejchinj, haic loo linlo limo- 

i” ’If*'’- "™"- ‘I" ""ii lof 

ol f "" "I'll '"'‘I'f 

and “ill In lor Ihcir rtliibililj 

nJilmom rtfrnl, ,|,c file, or tour.,, .ocurfl, mint bo 
maintained, a locked file, for instance, is invaluable ^ 

.ho°riit «' r- 1"") »- 

wbilh r,“T “r;-- «™im..ion, (.l nom. 

ss ™’Xr'‘r -"’r r 

o“» ,row„ f “» I"™ I" 

.r,': “Ubi" 

2 A /ilc rt/ Tt, . proved unsatisfactory, 

example,) aUo had es,ay hen J 
are many other sources of test iieins; 

'or, rich dep™'on”l ‘‘'''''’P ’ 

Thao ten, liH rurtii.h'clua Ior'nmn°"r''t''* '" Wor ot iiom, doiolopod. 

by you ,nd ,our collo,s„o,. (Do „„i „„ ”™E'b' m the iteim dc.olopod 
tishied. H you did u.o tho.o purticuh, i S 

Significant if given later.) ^ ^ *“ P-irent test would be less 

Mo^iofriciitioX Nrvrh“““^^^ ""''‘"'■'p- p'-sy-i- 
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— (4) WTjen the effort mo^es twice as far as the resistance, the mechanical 

adrantage is two. 

e. How did j'ou know nhidi reason in Question d. to check? 


From these examples it seems that it is useful to follow the tvork of groups 
interested in test deselopment. Do )ou receive the publiations or the an- 
nouncements of: 

Educational Testing Sers'ice, 20 Nassau Sc, Princeton, N. J. 

Psychological Corporation, 522 Fifth Ate.. New York 36, N. Y. 

Science Research Associates, 57 West Grand Ate., Chicago, 111. 

The Science Teacher, 1201 I6ih St., N.W., Washington 6, D. C. 

World Book Co., 313 Park Hill A\e.. Yonkers, N. Y. 

Nofes and h'lnls for Ihe irnprovemenf of fesfs 

In Chapter 19 and the preceding pages, ue hate considered and illustrated 
many tj-pes of test items and the general approach to an effecthe testing pro- 
gram as part of oser-all esaluation. The literature on testing is large and 
st'ortby of study; here at best we can add only a few notes and hints that may 
be helpful to you. 

By nosv you are surely asvare that no lest is perfect. Intsiiably the validity 
of a test is under suspicion. Checks on validity come from comparison svith 
other types of information, especially the observations made day-to-day by the 
teacher. If the “best" students in a class do poorly on a test, perhaps the test 
needs thoughtful consideration. Furthermore, you feel more confident about 
a particular test when you have examined the items in it for their appropriate- 
ness to your intentions and to the material considered in class, and its repre- 
sentativeness as a sample of both these attributes. 

Preplonnlng. The prerequisite to a well-planned testing program is a vs-ell- 
planned course or curriculum. As we have indicated earlier, even during course 
planning specific opportunities will come to mind for appraising the behaviors 
to be developed. Record these for future use. During the day-today operation 
of the coune, interesting possibilities for test items will appear from the dis- 
cussion and behavior of the students. Note these bricQ), but specifically, and 
file them against the day when a test is to be made. Out of such actions will 
come more and better materials for youi tests. 

Blueprinting a test is highly recommended by many experu. They propose 
a tv\odimensional layout of behaviors to be tested and materials to be used. 
Such a pattern would look like Table 20-2. Thb pattern of item distribution 
is entirely hypothetical, but it illusiraie how the various subject areas and the 
pupil behaviors can be weighted in the test. In addition, attention would neces- 
sarily be given to the distribution of the difficulty of the items so that these 
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In chemistry 

CAN YOO TELL WHETIltR OR NOT A CONCLL'StOS !J REASOVABLr? 

Surrounding die nucleus of ihc uncharged lithium atom, there must be three 
electrons, since the number of electrons and the number of protons in any un- 
charged atom arc the same. 

a. State the conclusion of this reasoning. 


b State the reason gisen for the conclusion. 


c How did you know that the statement you ssTOte in Question b vas the 
reason and not the conclusion? 


d, The second reason for the conclusion siai not staicd.'lt’ii assumed. Check 
the one of the follouing staiemcnu s.htch is the assumption. 

'^7"^ P^otont in die unclurged lithium atom. 

w tieetrons resoisc around the nucleus of an atom. The nucleus contains 
the protons. 

(3) Each electron being negative oncels a proton which is posiiise. 

(1) An atom is diought to resemble a solar system srith the protons In the 

position of the sun and the electrons like the planets. 

e. How did you know which reason in Question d to check? 


in phytles 

CAN YOU AVALYiE A BIT OF RtASOVlNC? 



a. >Vhat IS the canclusion of this ieaw>ning> . * ’ 


b What are the reason, given ; 


How did you ViK 


nd uhat were the re.isoiis? . 




— (1) The mechanical adv: 

to the effort 
—(2) yvhen the effort arm of a lever 
cal advantage is two. 

— (S) The resistance attached to a single 


assumed, 
of the resistance 


anlage of a machine is the 

twice the resistance arm. the mechani- 
able pulley is supported by two 
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should be tailored to the time available so that all, or nearly all, students com- 
plete all items; only for particular types ol skills like reading comprehension 
or computational speed is a “speed test” defensible. 

To expedite test scoring, prepare m advance a scoring fcey. This may also 
assist you in recogytiiing any questions that have ambiguous answers and in 
modifying them before the pupils take ilic test. Often such a scoring key will 
be a strip to be aligned with the answers. This is readily done if all the answers 
are placed along one margin of the test sheets. 

Have the tests duplicated and legible. There is no excuse for the slow 
process of reading questions to pupils who may not hear the words correctly 
or may still be thinking about the previous question. Reading questions aloud 
slows down all students and severely limits the number of items that can be 
used in the time available. Likewise, writing test items on the board, even 
essay questions, is undesirable; many times the students may mistake the writ- 
ing, unless it is very clear. Provide each child with an explicit written statement 
of the task. But above all, make certain it can be read; a test is not supposed 
to be a guessing game. This may sound unnecessary to say, but we have seen 
the unreadable tests given students in some schools we have visited. 

Make certain that the correct answers are randomly distributed. Flipping 
a coin will provide a random basis for the arrangement of true-false items. 
Rolling a die will provide a means of randomizing the correct answer's posi- 
tjon in multiple-choice items. 

Arrange with the school office that no unforeseen events will interrupt 
your test period, announcements, shortened periods, or cancelled sessions. The 
children will have done some preparation or at least will be expecting the 
test as scheduled. Delays are confusing and irriuting to them. 

Pupil scoring. Pupil scoring can expedite the results of a test. But if this 
Is done, you are advised to assign each pupil privately a number in some ran- 
dom manner. This number and not his name goes on his paper. Then, mix 
up the papers before redistributing for scoring. Provide each student with a 
written scaring key. Have him indicate in a box on the test the number of 
right, wrong, and omitted answers. For safely, have another pupil rescore 
each paper. Results can be posted on the bulletin board by each student’s 
number. Some interpretation of the over all distribution of test scores should 
also he posted. This may be in terms of rank-in<lass or letter grades with the 
cutting scores identified. 

Choke of items. Any test is a sample of student behavior. Therefore, the 
difference between a good and a bad test lies in the sampling procedures used. 
A good test meets five main criteria: 

1. A good test is iong enough to provide a stable, or fair, sample of (he 
student's behavior. To base any conclusion on only a few items is to have an 
unreliable conclusion. 

2. A good test contains a representative sample of items. The items should 
be chosen on three bases: difficulty, subject content, and behavior required. 
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This is just a bit too vague! To write better completion items, check care- 
fully on irrelevant clues which may indicate or demand the answer logically 
or grammatically. Also, be sure to have all blank spaces of the same length. 

MULTIPLE-CHOICE ITEMS. Thcsc pTovidc opportunity to force nicer 
distinctions. M’hat you would wish is a choice among a sery large number of 
possibilities, but this is impractical in terms of test length and reading time. 
Four or five alternate answers is usually a fair compromise which reduces to 
a small factor the likelihood of successful guessing. IVith four choices, guess- 
ing should net a score of only 25 per cent, and leave a significant range of 
scores from 25 to 100. With five choices, guessing should net only 20 per cent, 
and leave a significant range of scores from 20 to 100. Either alternate is 
superior to true-false questions which have a significant score range of only 
50 to 100. Correction for guessing can be made if desired. 

Some of the more obvious troubles wiih multiple-choice questions can be 
overcome by noting the following suggestions. 

1. Be alert to irrelevant clues such as frequently putting the correct 
response in the first or last position; having giavntnatical inconsistency be- 
tween the statement, or stem, and certain answers: having similar or related 
words in the statement and among the amwen; making the correct answer 
consistently longer or shorter than the others. 

2. Insofar as practical, use the direct statement form in preference to an 
incomplete statement. Such items are easier to write and will have fewer gram- 
matical inconsistencies. In some instances, the incomplete statement is a 
natural choice, but use it rarely. 

3. Do not use unrelated alternatives as fillers among the incorrect an- 
swers, As we indicated above, all alternaiives should be plausible enough to 
catch a few students. If necessary, make up reasonable terms like "chemo- 
globin’’ and “hemophyll” that might be confused with "hemoglobin” or 
"chlorophyll,” If only one or two plausible disiracieis can be found, use only 
these; or cast the item into a iruc-false, completion, or matching form. 

4. If you use the alternatives "none of these" or "all of these," they should 
be the correct response in a fair number of cases. These should not be used 
merely as fillers. 

Commonly we ask students to select or provide the correct answer from 
among others that are incorrect. An inversion of this operation requiies the 
selection of the alternate that does not belong to the same group as the others. 
Recasting an item into this “not a^eeir^” form will almost always increase 
its difficulty. II such items are used, be certain that the instructions about the 
item, or group of items, of this type are clear. If you plan to use such icetns, 
and they can be very useful, some practice with them in class would be 
desirable. 

MATCHING ITEMS. These should present two lists of unequal length; 
otherwise by elimination the last pair is a free gift to the student. Keep the 
lists short, say, 5 lo "J items, to reduce searching time required by students. 
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3. A good test contains no ambiguous items. Ambiguity can arise in tivo 
ways. First, the question may be stated in such a manner that the student does 
not knotv wliat is wanted. li he does not understand the meaning of the 
question, sve never know whether he could have answered it or not. Second, 
the question may be stated in such a manner that it does not involve the be- 
haviors desired We then ha\e an answer, but it doesn’t mean what it was 
intended to mean. 

4. A good test contains no interdependent items. The answer to question 
2 should not demand a correct answer to item I. If the items are interdepend- 
ent, then we hast fewer honest samples of the student's abilities than ne 
lia\e items. In addition, students should not be able to answer correctly a 
question whose answer they do not know because they have had clues from 
responding to a question they do know. This situation arises frequently on 
tests containing both multiple-choice and matching items, but it can be 
asoided. 


5. A good test contains only Items that discriminate between able and 
less able students. A disaiminattng item is answered correctly by more of 
the students who get high general scores than by those who generally do 
poorly, ^Ve discuss discrimination in more detail in this chapter in the sec- 
tion, "Item Analysis." 

Comments on voriows types of obieclive [terns 

THica ITEMS. Test-makers and test-takers have no sympathy for the 
mvolves a double negative, a minor change in date 
(B C for A.D.), wrong uniu, and the like. They can hardly be claimed as 
testing the major concepts and knowledge of concern in the course. 

SIMPIX QUESTIONS. Simple recall items are basically of the: who, when, 
where, whac type. Often they include what are essentially definitions. These 
are items that can be answered concisely. 

which olicn give aw,, ihe arawer. Common difficultiei in ,uch imtloni 
are ,h..c (and don’, fliinl ,hai .lodeni. don', know about thml); 

1. Long statements are usually true 

2. QualiScd „a,en.e„,n often, mmedmm," „,„all, tine. 

3. Sutements of classification arc usually true. ’ 

wiite afn!™',”'’ ^ (Tte, ate diUcnh » 

write as true statements without many qualifiers.) ^ 

5- Very positive statements, "always, never, must." are usually false. 

"" WM,™"’' >*' "vetcome. 

the, requite a reS^'f ,0^-^ * B»e,iitig game. Too olten 

pattern , of a .pechc .ta.ement from a tea, or a particular word 
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discTiminaling power. We must assume that the test as a whole is appropriate 
(valid). Then we ask to what degree each item in the test contributes to the 
total scores obtained. The simple procedure for this ist 

1. Rank all papers from highest score to lowest score. 

2. Separate out the lowest quarter and the highest quarter of the papers. 
Use only these tsvo sets of papers. 

3. For each item record the number of correct answers in each quarter. 

4. The sum of the counts of correct responses divided by the number of 
papers counted provides an index of difficulty for each item. An “easy” item 
will be answered correctly by 75 per cent or more of the students. An “aver- 
age” question will be answered correctly by about 25 to 75 per cent. A “diffi- 
cult” item will be answered correctly by less than 25 per cent. This index of 
difficulty can be recorded on the file card carrying the item. Later it will be 
useful to know this when you wish to make up another test. 

5. Comparison of the numbers of students in the “top” to those in the “low- 
est” quarter svho anssvered an item correctly shows its discriminating power, 
i.e., whether it is helping separate the high-scorers from the low-scorers. W^hile 
we assume that each item will do this, sometimes items do not discriminate 
at all, or they work in reverse. Such items should not be reused until they have 
been modified. If 100 per cent of the “top" students and 75 per cent of the 
“lowest" students get an item correct, it is a good discriminator, but an easy 
question. Similarly, if 40 per cent of the “top” students answer correctly and 
only 5 per cent of the "lowest” group do likewise, it is a reasonably discrimin- 
ating item, but a difficult one. A simple record such as 100/75 or 40/05 on the 
item card in the test file will indicate this information for future use. 

Often ue svonder what makes a certain question e&ecthe or ineffective. 
^Vhen the papers of the top and bottom quarters of the class have been sepa- 
rated, record the number in each group who chose each of the alternate 
answers. Record also the number who omitted an answer. N'ow you can see 
which of the "distracters” or jncoireci answers is attracting responses. This 
may be a clue by which your instruction can be modified. If some of the dis- 
tracters of a question are attracting no marks, they might be changed to make 
them seem more likely as answers. Consider these examples: 

1. Inorganic salts may be formed by the interaction of (1) a meul and an add 

(2) a chloride and an acid (5) gljccrinc and a fatty acid (4) a metal and a base. 

Responst, (I) (2) 

Upper quarter 16 0 J9 3 

LoHcr quarter 21 I 7 5 

This item discriminates against the upper quarter of the students on the test 
as a whole. Answer 3 seems to be the overly effective distracter. A worthless 
question as it stands. 

2. The thennometcr (1) probably vsas first devised by Centigrade early in 

the 16th century (2) actually » never anything more than a constant volume 
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cenul-ll. Tuo final suggestions may be helpful. Try each item on 
someone not familiar with the course; a wife or friend does well. If they can 
see what the question demands, but cannot answer it without the experience 
of the course, the question is probably dear and valid. Also try questions out 
casually in class, noting the responses; some of them will provide effective 
alternate answers. 
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You can see immediately tiiat m-e arc not litciy to get exactly a normal 
distribution unless we have a very large number of observations. However, 
most measurements will be distributed in a vvay close to a normal pattern. 
For the moment, let us assume that a plot of the scores you have are distrib- 
uted in a manner close to this normal pattern. 

Such a distribution is evenly balanced around a "most popular" value; 
that is. the distribution is symmetrical. The middle score is also at the balance 
point, which is another way of saying that the median is equal to the arith- 
metical mean. 

W'hat we want to know is the significance of each separaie score within 
the total aggregate. What meaning can we assign to Henry's 84 and to Wil- 
liam's 47? Somehow we need to describe the scatter of the values around the 
mean. Several different quantities may be used to describe the scatter, but the 
■'standard deviation'' is the movi popular and most significant. This standard 
deviation (defined more folly in the e.\afnple whicJi follows) describes the 
width o! the distribution; because it is used so often, it is represented by a 
symbol, small Greek sigma, a. or sometimes abbreviated as s.d. As you can 
see from the drawing below, lines cutting the distribution at steps of Icr. 2 ir, S?, 
etc.) cut out different areas under the curve, or different numbers of scores. 
Between -I 9 and the mean (marked 0), there is St per cent of all scorc-s, and 
the same is true between the mean and +I 9 . You can see why wc can say 
that approximately % of the scores occur between ihe limits -Jo- and +l<r. 
A shade less than H per cent o( the scores will lie in the rone between U and 
2a from the mean on either side. Even larger differences Irom the mean are 
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ihermobaroscope (3) is an itisiniment that ghes a direct reading of the quantitj 
of heat in any object (4) is an essenual instrument in carrying out the calori- 
metric metlioci of constant heat supply. 

{/) (2) (^) ( 1 ) 

Upper quarter • 3 0 32 

Lower quarter 0 22 9 5 

A high!) discriminating item favoring those with high scores on the total test. 

A brief look af the interpretation of test scores 

Because teachers, especially sdencc teachers, are often involted in the 
interpretation of test scores of various types, we include this brief look at the 
meaning of scores and the inierpreution of the results of standardired tests. 

you have given a test and scored it, you have a number on each 
s . ihis number has meaning, as you expected; otherwise you would not 
lave ot lere to give the test. But what and how much meaning it has depends 
upon what you do with the scores. 
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test is not valid for your use, and you should not compare your students to the 
group svhich was used in the standardization. As we noted earlier, students are 
being taught more science now than in Conner years, so their knosvlctlge may 
be greater than that of those used some years ago to establish a “norm." If 
this is the case, more than half the teachers using the test will find that their 
class averages above the norm. 'WTiile this might make each of us feel happy, 
it would not be an honest comparison. 

If the test is one which would be appropriate for children in several 
different grades, as for example the site (Sequential Tests of Educational 
Progress) series in science,* we ss’ould not expect children in grade 10 to score 
as highly as those in grade 12. Then separate means and standard deviations 
are dented by the test-maker for each grade. The teacher is presided with a 
table or chart by which each of the original, or "raw,” scores can be inter- 
preted in terms of its position among those of the standardizing group. 

Another way of handling such a test is to interpret the raw scores in terms 
of a scale of mean scores that rise with the grade. Thus, in Chapter 9 the 
arithmetic and reading test scores of cenain children in the ninth grade 
were recorded as equal to the mean of the typical student in the twelfth grade, 
or as “12.0 in the ninth grade." 

A note of caution. The normal curve and the mathematical operations 
applicable to it can be applied only to scores which are not limited by a set 
top score, e.g.. 100% on a test. In other words, the test must be sufficiently 
difficuh, so that practically no one geu all the items correct; but all should 
get some items right (none score zero). Such a test cannot have an arbitrary 
"passing score" unless the test items arc careluUy tailored in difficulty (o 
permit the test-maker to assert that a desired percentage of the population 
will score higher. As examples of these different approaches, compare the 
College Entrance Examinations, reported on a scale from 200 to 800 for inter- 
pretations by the colleges, with the Netv York State Regents Examinations, on 
which a score of 65% or higher is a "pass" and lower is a "fail." In the latter 
lyix; of test the majority of scores arc crowded within the range C5 to 100, 
with quite a few probably actually at 100% and the mean score probably near 
80%. Such a lest docs not distinguish well among the more able students, but 
seems intended only to identify the less able. \Miai level of difficulty and dis- 
tribution of scores will be used in a lest depends greatly upon the use to which 
the results are to be pul. 

An example. \VhiIe standardized tests, by their very name, have scales and 
vaW« fwj vhe invtrprtvaviow of each svwdeciCc tiw scocec. vanveumes teachew 
wish to derive the mean and standard deviation of a test they have given. fVc 
therefore present an example of Iiow such numbers arc obtained. 

A lest has been given to GO students. Tlic raw Korcs range from a low 
of 51 to a high of 93. While wc could work with the individual raw scores 
(as devTibcd above), we can male life iiiucit easier and introduce very little 

« rduutional Tewing Service. Ptinceson, N. J. 
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side or the low side, by more than 3 <t. 

If we stall with the low end of the distribution and add up the per- 
centages of scores with values less than each a mark, we find: 

Scor« less than -3., -2. -1, Mean -t-l^ 42, +S, 

Toial perceiiage 01 2 18 50 gj gg ggg 

Wh^n we use a scale based on standard deviations, we can obtain not only the 
rank of a particular score among the toul group, but also the percentage of 
students who scored loiver. 

Sometimes, because a Jmle arithmetic is needed to obtain the numerical 
value of the standard deviation (see. “An example." which follows), teachen 
tail to appreciate the information they would have if they did interpret scores 
m terms of standard deviations. Notice that different tests will have different 
mean scores because some tests arc more difficult than others. Each lest is also 
likely to have a different standard deviation for a representative group of 
students. Hovv can Johnny’s score on one test be compared with Tom's on 
S deviatiom. we might find that Johnny scored 

IhS nnfv f ® students, while Tom scored higher 

he Inier ^ standard deviations can 

be mtercompared. We might also say that Johnny scored at +2, and Tom 
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TABLC 20-3 Cahulating the standard deviation 


Column 1 

scout 

INTEUVAL 

Column 2 
MICOLE 

S 

Column} 

F«EQI.’t^CY. 

/ 

Column 4 

Sf 

Column } 

AS 

Column 6 

(.15)2 

Column 7 

f{a5)2 

90-W 

92 

3 

276 

20 

400 

1200 

85-89 

87 

4 

348 

15 

225 

900 

80 81 

82 

6 

492 

10 

too 

600 

75-79 

77 

8 

6t6 

S 

25 

200 

70-74 

72 

15 

lOSO 

0 

0 

0 

65-69 

67 

10 

670 

5 

25 

250 

60-6-1 

62 

7 

431 

to 

100 

700 

55-59 

57 


228 

15 

225 

900 

50 54 

52 

3 

156 

20 

400 

1200 

Total 


60 

4300 



5950 




for a lesi. we suggest that >ou do; then )oo will have a better iindenianding 
of what is meant by the scores reported or obtained from a standardired test. 

Certainly there are many operations and niceties of statistical investiga- 
tion which we have avoided. If you are interested in exploring into further 
possibilities lil^e correlations between tests, derivation of reliability coefEcients, 
tests of the signincance of (lie differences between tests, we encourage you to 
consult one or more books like those listed at the end ol Chapter 111. 
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error, if ve Rioiip the scores w:thin small intervals. Let us take score intenals 
of 5 points to create 9 or 10 score groups. Bj a simple tally-count we find the 
indicated fr«)iiencv distribution of the scores. For ease in computation tie 
also find the imddie score in each score interval, and treat all scores in each 
group as thoii"h they had this middle score; ie., 72 represents the group 
scoring between 70 and 74. 

By definition the mean score is simply the total of all scores divided by 
the number of scores For each score interval we multiply each middle score, 
S, by the number of scores in that interval, /, and add all these together. Then 
divide this total score by the number of scores. 60, and we have the mean 
score. For our example, these arithmetical operations can be done mentally or 
with scratch paper. If large numbers are involved, a desk computer or an adding 
maebine may be helpful. The mean score comes out as 71.6 (see Table 20-3). 
This is 50 close to 72 that we can use 72 as the mean without serious error. 

To find the standard deviation, we proceed as follows (see Table 2^3)- 


1. Find the difference (deviation) between each score (Column 2) and the 
mean (previously calculated). This difference, called AS, is given in Column 5. 

2. Square each AS value; (aS)* values are given in Column 6. 

i ^ ^lultiply each (AS)* value by the number of times that score appeared, 
I (Column 3). Values for /(AS)* are given in Column 7. 

4. Add up the column of /(aS)* values. 

5. Dll lilt ihU sura by che toljl nurabn of scores (lolal of Column 3). 

XI ”, j 'j".' is Ibe srandard deviation 

^■e standard del ration in out eaample comes out (not entirely by accident) 


the ‘I'siftion can be deBned operationally as the square root of 

Cral. ol'tl "" “1“"’ ■>“ il'vrations. The ra- 

er 91 „ , S ^ i" “"issics (see rhe end of Chap- 

ter 19). ue base presented just the bate bones. 
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The need for scientUts 


For our lifetime and thereafter, we shall need scientists. We shall also 
need those who are not to become experts in science but upon whom our 
scientists depend for sustenance and collaboration. Yes, collaboration, because 
scientists are not islands; they svork in a society which must nurture them, 
undentand them, sustain them, and bring their basic researches to fruition. 
This is true, loo, with artists. 

Considerable attention is being given to the process by which a child 
develops a career pattern svhich takes him into science or science teaching. 
^VTiile much remains to be learned about this process, at least some character- 
istics are clear. 

1 . Practically all ] oung children are curious about the world around them. 
If this general curiosity is developed into an interest, they may consider a career 
in science. The development of such an interest stems from opportunities for 
satisfying personal activity. 

2. In the early adolescent yean, grades 6 to 9, many children will exhibit 
or express interest in a possible career in science or technology. Rarely is this 
a stable commitment, but the experiences they have during these years may 
continue and solidify their interest, or may cum them away from elective science 
courses to come later. For this reason, the approach to science in these grades 
is critical— even more aitical than the particular materials considered. 

3. After the elective courses in high school ate reached, relatively few 
students will enter (he pool of potential scientists. The nature of the school 
program and the desirability of a sequential program in mathematin operate 
against picking up many who were previously uninterested in science. There- 
fore, the maximum number must kept willing to consider the possibility 
of a career in science. Once (hey count ilieroselves out of science, there is little 
hope of recapturing their interest. Too many other areas of study and work 
are competing for their attention and successful accomplishment. 

■t. Many of diose in (he potential scientist pool will, during high school, 
shift to Ollier interests as they see varied oppottunilics for careers in the adult 
world. Thus, the number in this pool will continue to shrink. 

5. As we indicated in Chapter 9. The Science Prone, many, but not all, of 
the potential scientists vs'ill be among the academically most able in the school. 
High I.Q. score vs ill mark those who may continue on as research scientists, but 
many others of lesser abiliiy can find a niche sotnevs here in the field of science. 

6. Among even the most able, high I.Q. score and inlercvt are not sufficient 
predictors. Many emotional and home factors influence the child. Of 306 chil- 
dren who chose (it v.-3s entirely voluntary) the advanced science program at 
Forest Hills High School, including 4 years of niaihcmaiics and additional 
laboratory work on individual projects, only about lull have continued iov*-ard 
careers in science (research, medicine, engineering). 

7. In college only about half those who enter intending to major in science 
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CHAPTER 21 


Appraising the teacher’s role: 

Supply and demand in science 


A note at the beginning; ^v’e begin wiih two pictures ot the nature of the scien- 
tist and, by direct implication, of science teaching: one 
negative, one posithe. Both are composites, and both are by 
students.* 

Tne NECATtvt- The saentist neglects hi$ family— pays no 
elUntion to hu w/e. never plays with his children. He has no 
jociai hfe, no other inielleclual interest, no hobbies or telaxa- 
twns. He bores hu reife, hts children arid their friends— for he has 
*''o**'r on/y Other seienlats— with ineessent 
talk that no one can tinderstond; or else, he pays no attention, or 
has secrets he cannot share. He is never home. A seientist rJiouM 
not inarry No one wanti to be such o scientist or to many him. 

rm posnivE. The scieniisc w a very inteihgent man-a 
genius or almost a genius. He has long years of expensive traininj 
-in high school, college, ©r technical school, or perhaps even 
beyond, during which he studied very hard. He is interested in his 
work and takes it seriously. He u careful, patient, devoted, cour- 
ageous, openminded 

.,1, 1 »ho works not for money or fame or 

self glop, but-Uke Madame Curie. Einstein. Oppenheimer, Salk 
-for the benefit of mankind and the welfare of his country. 

One cannot claim, of course, that science teachers are 
so ely responsible for the picture delineated in the study. 
After all, the children are in school for less than half their 
waking hours for half the days of the year for only a few 
years. Science teacher, have the pupils only a modest frac- 
tion of even the school day. So we should not credit them 
with, ox blame them for. all the faults or accomplishments 
of society. Yet the science teacher is the major person who 
an do something about setting the picture as right as it can 
oe. He IS the link between science (and scientist) and his 
students. He is often the only link. 

/ Among High School S.o- 
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cre3ti\ e intellectual wiark by scientisu is seen clear!; , our image of him is blurred 
by the technical procedures through s^hich scientific ideas are applied. 

The intellectuol side. The general philosophical impact of science upon 
how sve look at the world and man in it is also shaped by scientific discoveries 
and ideas. The Copemican proposal of a suti<entered system of the planets 
touched oS, or fitted into, the intellectual resolution of the Renaissance. This 
had a great impact upon philosophical and theosophica! ideas. Newton's concept 
of unhersal gras-itaiional attraction betsseen every particle was translated by 
Locke and then applied by Paine and JeHerson in the political sphere. Classical 
phs-sics, which insolsed a ■'determined’' world, fitted s»ith the political and 
economic concepts of past times. .As yet "modem physics," ssith its emphasis on 
quanta and probability, has not permeated the thinking of most people, but it 
probably will. Certainly the theory of evolution had a major social tmpan, and 
so did the theory of relativity. 

There was a time when science (as natural philosophy) was part of every 
"educated'’ man's education, when ‘‘sciencing" was just one of the activities of 
thinking people. .As the field grew, and as technology seemed to obscure theory 
in the minds of many, science was divorced from the rest of the ■'liberal aru." 
And it has not yet been readmitted to full, respectable status among our 

intellectuals. 

Nowadays, when everyone is aware of the strategic importance of science, 
will this trend reverse? .As more young people study science, will they think 
only in terms of the obvious, practical applications of science? Or will they 
come to know also the philosophical base of science, "what it's all about," the 
joys of thu particular kind of intellectual and creative endeavor? 

M'hat picture do high school students today have of science and scientisu? 
In a study * of over 300 young people who intended to make a sdence their 
career, 233 wrote essays which parallel closely the (losittve image of the scientist 
presented on p. 4-18: indeed, they were even more favorable, if not more realis- 
tic. But this is to be expected of those who intend to live as scientists. 

If'hai of those who do not plan to become setentists? What of those upon 
whom scientists depend for support? What of those young people, in the vast, 
vast majority, who lend not to become Kientisis. those upon whom the science 
teacher depends for his support? Toward an indication of the kind of perspec- 
tive in which this Image of the sciemisi tends to be built up. we quote in full 
a study by Mead and Metraux. Note carefully the qualifications which the 
authors of the study have set up and the nature of their conclusions. 


A porfro/f of fhe scienfisf— by high school rfurfenfi * 


Prefatory note (by the cdiiors of Setenee} 

There is a great disparity between the large amouni of effort and money 
being devoted to interesung young people in careers av Kienuiti or engineerv 


* P. r. Brandann. unpuWiihed wwi. 

» Slatgaret Mead »nd Rt>oda Mfirauv. ep tu.. fp. S’t B. Quoted «a 
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do graduate with siiih a major Enginicnn" schools also graduate only about 
had of their Lnteiitig classes. E\cn m college ihe commitment to science is not 
firm or the studint is not sticrcssful. ssith the result that the potential scientist 
pool slinnks set more After the freshman sear in college scry few students 
shift intc, a science piogram, while many shift oul. 

L'-scnti.iily then we have, from the tenth grade onward, a steady decrease 
in the number scrioiish considering science as a |iossiblc career. To increase the 
number eventually committed lo science miuires an increase of the number 
who are not anii-snetice m the early grades. W’c must teach so that the time 
of a decision is postponed as long as possible and is based on relevant experience 
and knowledge. This pl.iccs a great responsibility on teacher*, particularly on 
those in the elementary and junior high schools. This docs not mean, we 
repeat, leaching ilie content of physic*, chemistry and biology in the lower 
grades; it does me.in, we think, that methods of teaching science need be im- 
proved so th.at wore young people of ability iry science in the later grades and 
in colleges. This book has been concerned with these methods. 


The need for citizens prepared to live 
In a scientific world 


Science teaching docs not begin or end sviih the "prodiiclion" of scientists. 
In tins country there arc now about 2 million jieoplc classed as professionals, 
and these include I million scientists, doctors, engineers, science teaclten, den- 
tists, and nurses. Our total |>opulation is more than 170 million, and by 19*5 
It will be close to 200 million. All these people live in a world where: 

During the first half of this century some 23 seats have been added to the 
average life span of the children born in the U. S. 

During tlic first halE of the tcnniry nun has raken to the air: a trip across 
country nlnch in ISOO look nearly 175 hoot, i, now compleie.l between innri.e 


Doting the first half of the csnsiory eseryihing man wears anJ eats has been 
improved by scientific work. 

During the f,., half of she centory .here ha. been a snaior tevolntion in 
our most fundamental idea, about the nnhene. and the beginning of such a 
revolution in our understanding of life itself. 

During the second half of the century-?*?? 
oaitltrm"""”' npoo, and indebted to. 
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Objectives. Our specific objectives ia ibis study were to lesm the following. 

1. ^\'hcn American secondary-school students are ashed to discuss Kientisis 
in general, without specific rcletence to th«t own career choices or, among girls, 
to the career choices of their future husbands, uhat comes to their minds and 
how are their ideas expressed in images? 

2. MTien American secondary-school students are ashed to thinh of them- 
sehes as becoming scientists (boys or girb) or at married to a scientist (girb). 
what comes to their minds and how are their ideas expressed in images? 

3. IVhen the scientist is considered as a general figure 3nd/or as someone 
the respondent (that is, the student writer) might lihe to be (or to marry), or, 
altematisely, might not like to be (or to marry), how do (a) the positive responses 
(that is, items or phrases, not answers) cluster, and (b) the negative responses 
(that is. items or phrases) cluster? 

4. When dusters of positive responses and dusters of negative responses are 
compared and analjred, in what respects are the two types of dusters of responses 
(a) clearly distinguishable, and (b) overlapping? 

5. Is a generally positive altitude to the idea of science, an attitude which 
we are spending a great deal of money and cflort to aeate, any guarantee of a 
positive auiiude to the idea of science as a career? 

3e/eclioR of respondents. Two separate samples of respondents veere used in 
the study; sample A. a nation-wide sample of high schools, and umple B, a 
sample of high schools with widely different economic and educational charac- 
teristia. 

Sample A consisted of 132 public high schools (including one junior high 
school) that were selected from schools associated with the Traveling High- 
School Science library Frogram sponsored by the National Sdcnce Foundation 
and administered by the American Association lor the Advancement of Science. 
Of these, 118 were drav«n from the high schools ihat participated in this pr» 
gram, and an additional M from schools that qualified (or the program but 
could not be included in iL 

Sample B consisted of 13 tpcaal schools: four paiochial schools, eight 
preparatory schools, and one public science high school. All these were from the 
eastern seaboard, selected to provide contravu in educational and economic 
level to the smaller public high kKooIs in the nationwide sample (sample A). 
Sample B vras collected after the homogeneiiy of the nationwide sample had 
been ascertained. 

The total enrollment of the Khools paiiicipating in the study was 48.000. 
Schools with an enrollment of less than 300 students were ashed to have each 
Student complete one form; schools with an enrollment of more than 300 stu- 
dents were ashed to complete 300 forms. The total sample (sample A and 
sample B) is drasvn front the essays wriiien by approximaieiy 35.000 students, 
and the esvay-s were kept together by the class, grade, and school from which 
tlie essays came. 

The sample w-as randomsred by drawing envelopes of these replies in groups 
that included three schools in one stale, or three imih grades, or all the sepa- 
rate ebsves in three schools, so that no essay was ever separated from the context 
in which it liad been WTitieii. 

Data aalhfting irtifTvments. Wc ashed each highwhool student respondent 
to write a brief essay on a topic set by an incomplete sentence which was printed 
at the lop of a page, on which prosbion was also made for giving die kKooI. 
the grade, the claw or section, the age. and sex of the respondent. 

Three diflereni forms woe eonstnicted, each with a diSeteni incomplete 


iumr Aso otsiAro m scitwct 



and (he smnll amount of infonmtion we ha\e on the aititucln ihcne )oung 
people hold toward science and scientisU The itoard of Directors of the 
has on several occasions discussed (his disparity and the desirability of learning 
more about what high school students actually think of science and scientisis 
This paper is one result of (hose discussions Hilary Deason. director of the 
associaiionv Traveling High School Science Library Program, made all of the 
arrangements with the high schools and supenised the collection of the students' 
essays I he jinlysis of those essays and the preparation of this report vvere the 
responsibility of the two auifuwi, Margaret hfead and Rhoda hfiftraux. Dr. 
Mc.id IS associate curator of anthropology, American Museum of Natural Hiv 
tory. New York, and Dr. M^iraux b a research fellow at Cornell hfedical College. 
New York 


IStACE OF THE SCIENTIST AMONG IllCIt SCHOOL 
STUBE-VTS— A PItOT STVCY 
^targant Atfad and Hhoda Af/lreux 

w '* *" »"*•>*>> of » nation wide sample of essays written 

by high school imdenu in response to uncompleted questions. Tlie following 
wplanaiion was read to all students by each administrator. "The American 
Association for the Advancement of Science,* a national organisation of >cieo- 
tisu having over 50,000 members, is interested in finding out confidentially 
you think about science and Kientisu. Tlierefore. you are asked to write In 
you think. What you write is con 
>«• "’hf" >««' haw '*Ti»en your 
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anv nth I ”* '* *** which any one of you will be compared with 

fh-fn ^ ««'her at this scivool. or at another scliool. Students at more 

vtur completing the sutement. and 

hiehich^r.i iheifs will be considered together to really find out what all 
high school student! think as a group of people.” 
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Objfclivei. Our speciHc objecina in thb study uere to leant the following. 

1. \\'hen American secondary-school students arc asked to discuss scientists 
in general, without specific reference to that own caicet choices or, among girls, 
to the career choices of their future husbands, what comes to their minds and 
how are their ideas expressed in images? 

2. WTien American secondary-school sCudenu are asked to think of them- 
selses as becoming scientists (boys or girls) or as married to a scientist (girls), 
what comes to their minds and how are their ideas expressed in images? 

3. ^^’hc^ the scientist is considered as a general figure and/or as someone 
the respondent (that is. the student wTiier) might like to be (or to marry), or, 
alcemaiisely. might not like to be (or to marry), how do (a) the posiiise responses 
(that IS. Items or phrases, not answers) cluster, and (b) die negaiise responses 
(that is, items or phrases) clustn? 

4. When clusters of posiuse responses and dusters of negaiise responses are 
compared and analyzed, in what respects are the two types of dusters of responses 
(a) clearly distinguishable, and (b) oserbpping? 

5. Is a generally positne attitude to the idea of science, an attitude which 
we are spending a great deal of money and cflori to create, any guarantee of a 
positisc attitude to the idea of science as a career? 

£e/ccf>an o/ respondenis. Two separate samples ol respondents were used in 
the study, sample A. a nation-wide umple of high schools, and sample B. a 
umple of high schools with widely different economic and educational charac- 
teriitia. 

Sample A consisted of 132 public high schools (including one junior high 
school) that were selected from schools associated with the Trateling High 
Sdiool Science Library rrogntn sponsored by the National Science Foundation 
and administered by ihe .\merican Association for the Adsancement of Science. 
Of these. US wae dnwn from the high schools that participated in this pro- 
gram, and an additional N from schools that ijualifi^ for the program but 
could not be included in it. 

Sample U consisted of IS special schools, four parochial ichoolt. eight 
preparatory schools, and one public science high kHooI. All these were from the 
eastern seatxMrd, selected to proside contrasts in educational and economic 
lesel to the smaller public high schools in the nation wide sample (sample A). 
Sample B was collected after the homogeneity of the nationwide sample had 
been ascertained. 

The loul enrollment of the schools participating in the study was 48.000. 
Schools with an enrollment of leu dian 300 students wae asked to ha\e each 
student complete one form, scliools with an mroliment of more than 300 siu 
dents were asked to enmptete 300 forms. The total sample (sample A and 
umple B) is drawn from the euays wniieti by approximately 33.0W siudenis. 
and the essays were kept together by the class, grade, and school from which 
the rsuys came. 

The umple was randomized by drawing eiiselopn ol these replies in groups 
that included three kIiooIs in one stair, oe three tenth grades, or all the lepa 
rate dasi« in three whonls. so that no rsuy was eser separated from the context 
in which it had been srTitien. 

Data fialhfiin/; iniiru’nrnlt. We a»ked each liighschcxsl student rnpundeni 
to write a brief essay on a topic set by an innzmplete sentence which wat {rrinted 
at the top ol a page, oti which prosiswKi wras alwj nude for going the kIiooI, 
Ihe grade, the class or section, die age. and sex of the letpondmi. 

Three clifletent lortus were constructrsL each with a different incomplete 
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and the small amount of infonnation we have on the attitudes those )oung 
people hold toward science and saentists. The Board of Directors of the AAAS 
has on several occasions discussed this disparity and the desirability of learning 
more about what high-school students actually think of science and scieniisis 
This paper is one result of those discussions. Hilary Deason, director of the 
association’s Traveling High^School Sdencc Library Program, made all of the 
arrangements with the high schools and supervised the collection of the students' 
essays The analysis of those essays and the preparation of this report were the 
responsibility of the two authon. hfargarec Mead and Rhoda M^traux. Dr. 
Mead is associate curator of anthropology, American Museum of Natural His 
tory, New York, and Dr, Mftraux is a research fellow at Cornell hfedical College. 
New York. 


Image op thb scientist among high school 

STUDENTS— A PILOT STUDY 

Margaret Mead and Rhoda Mftraux 

i,^ v"* ** based on an analysis of a nation wide sample of essays written 

y nigh-school students in response to uncompleted questions. The following 
explanation was read to all students by each administrator. "The American 
Association for the Advancement of Science.* z national oreaniration of icien- 
tiscs having over 50.000 members, is interested in finding out confidentially what 
you think about science and scientists Therefore, you are asked to write m 
your own words a statement which tells what you think. What you write is con- 
tiaential. You are not to sign your name to it. When you have written your 
tatemeni you we to seal it m an envelope and write the name of the school on 
'^>11 be compared with 

Sft h *' *"°‘ber school. Students at more 
Aan 120 schools in the United States are also completing the statement, and 

hirh.rh 1 ‘‘"W'tleced together to really find out what all 

high school students think as a group of people." 

thath frfmJ’ *w **«*. while an official image of the sclentiit- 

soeak ** 8'^ ''■hen the student is asked to 
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wide set of images— ratber than of answalng questions on vhich or how many 
students may be expected to respond in a gisen way— a qualitathe study is 
preferable. 

The identification of the pattern in any large sample of essays and of the 
cognitise and emotional processes which underlie the attitudes reported by indi- 
siduals IS best accomplished by trained behasioral scientists. Because any one 
anal)st. no matter how well trained, may base some blind spots and biases, and 
because anal)sts differ in their types of diKiplined perception, we had six dif- 
ferent analysts work independently with six subsamples of the total sample 
drawn from different states. Because one kind of material may be more useful 
than another in outlining a gisen area, we used— in addition to the essay samples 
from the 33.000 students— a sariety of other kinds of materials as well. 

We are assured that we have identified important themes in the material 
by the multiplicity of independent analyses and by the use of a variety of data. 
We are assured of the validity of our conclusions by a comparison of the inde- 
pendent work of the analysts and by the agreement on materials from different 
parts of the country. 

Stagei in analysu and validatton. The stages in analysis and validation were 
as follows. 

1. Sets of data were drawn from the tnain corpus by envelopes of answers, 
each set consisting of from IhX) to 300 protocols, all from one state and including 
envelopes of answers to alt three forms. Each of the six senior consultants was 
given a set of data They worked in complete independence of one another until 
^ey met in conference to pool their results In discuuion. This discussion was 
transcribed. The discussion indicated that the analysts were in agreement on the 
homogeneity of the attitudes found in the materials from different sections of 
the country. On the basis of this preliminary working of the material from 
sample A, further collections for sample B (including provision for a control 
on the use of the words Ammean Auoeiaiian for ihe Adfoncement of Science) 
were planned and carried out. 

2. A deuiled pattern analysis was performed on I.OOO essays, chosen to 
represent both the homogeneous nation-wide umple ol public schools (sample 
A) and the highly diversified schools (sample D) liiis analysis of responses (that 
is. items, phrases) both checked on the paiicnis identified by the senior analysts 
(among whom was included the analyst who made the detailed paticm analysis) 
and provided additional understanding of the patterns. 

In making this analysis, essays from classes and schools were still kept to- 
gether. so that each respondeni could be placed and each essay could be placed 
within the major preoccupations of a class or a school. So some icliools provided 
particularly clear material on the dichotomy between Kience at a subject for 
study and the petsonalvty o( the scientist, or on ways in which an intwating sense 
of inadequacy was reflected in she rejection ol science as a career. Everywhere 
it was possible to follow die divergent interests ol boys and guls-as with the 
boys’ interest in an active outdoor life and the girls’ interest in the humanitarian 
aspecu ol medicine— but there were uodcflying atsumpiioni shared by both 
sexes, such as the great importance of personal interests as a basis (or career 
or marriage choice. 

3. Fourteen graduate students were asked to report on smaller independent 
samples of essays. Graduate studenu were also tnlivted 16 male colleciions of 
visual materials related to the invage of the scientist in the culture of the United 
States today. Examples ol this colleciwn are illustrations from selected periodi- 
cals which present images of sdcmisti. children’s drawings made in response to 
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sentence. Each of these three sentences »»as chosen to elicit one major aipect of 
the image of the scientist. 

Only one form used in any one sdiMl.-f- but the forms were so dis- 
tributed that each form was used by at least one school in each state. These 
three forms are as follows 

Form i Complete the following statement in your own svords. Write at least a 
full paragraph, but do not wnie more than a page. 

Ilfirn / Ifiinit aioul a snenlitt, I ihtnk of 
Form II: If \ou are a boy. complete the following statement in your own words. 

If I Here going to br a trirnlitl, I ihouH We Jo be the kind of scienlisl icho 
If you are a girl, you mss complete either the sentence abose or this one. 

If I were going to many a scienjiil, / ihouU like to marry the kind of teten- 
list who 

Form lit; If you are a boy, complete the following statement in your own words. 

** “ acienfisl, I uoulJ not Ji*e Jo be the kind of scienlisl 

If you are a girf, you may complete cither the sentence abo\e or this one. 

If I were going to marry a leienliit. I would not like to marry the kind of 
seientui who 


■ He^i * '*• made it possible to distinguish between answers gi'- 

ing official senions of the image of the Kientist and those insolsing the respond 
etiu penonally, and the use of two forms ©f the personal question presided 
material on the linlj between negaiise and |>ositise imag«. since many answen 
included responses relesant to both. Lxperienec hat shewn that the ssay in which 
a question is phrased-th.tc is. with a positive or wiih a negatise emphails- 
allecu the phrasing of the answers by the resisondenu. 


driflfyiw of material and firoblemi of validation. This study is based on 
qualitatise data. The material reflecis the way indisiduals feel and think about 
a subject, as s*ell at whether they will answer questions about the tubiett in the 
alfinname or the negative. The use of quantitatise d.ita. gathered primarily to 
count the number of fnd.vwluals in any g.sen group who will respond in one way 
or in another the more ries.rable technique when one is interested in whether 
md.s .duals Will agree or dj«gree with some stated opinion, rather than how they 
feel or why they feel as they da Tl.e check mack, or brief response, gathered 
by quantitative studies are generally ,cw> sparse in the expression of feeling and 
magery to permit the definition, or the fedefinUion, of shared attitude,; in such 
siud.^ attitudes which are assumed to exist are built into the question,, 
it, tiTi! "‘V*'* quabiaiise and quantitative studies has been debated 
nre.,L . ^ generally accepted at the 

hywtheser nd th '' n>e<bod of choice for generating 

nXvp?' svT ^ Mxrty the method of choice for testing hy- 

potheses : When the problem is one of delineating a shared aspect of a s^ieej- 
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unde‘r v.aV:'thwd,r«w^l«‘’n‘l?T"' ^f'^t***'”* studies of the broader subject 
Su^ev"R' hish-schpol «^IS^^W•'att«Lf^'{owSrd^oen"•‘a"«^ 

science vemme iw'o Michigan on auuudes of the public’^ toveard 

Columbia Universiiv on<. 'Unpower rrojeci at Teachers College. 

overlapping areas '‘"““tl of Dunlap Associaies, Siamford. will also cover tome 
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Science meanj doing and moving; hard work— noi imagination— ii the source ot 
knowledge and the means of accomplisfament. 

The focus of science is upon the present. The past b important only as it is 
left behind (without science we would still be living in caves) and the future as 
a foreseeable goal (when we find a cure for heart disease, see if there is life on 
Mars, discover new fuels . . . ). But as the past closes in behind us, the future 
opens to the curious (there is riiU so much to Aiscovef) into the yet unknown. 

In thinking about science, different sorts of link^ images occur which may 
be bracketed together when science is rejected or may be included when posi- 
tise preference b expressed for one of a pair. So, science may be theorfiical or 
applied, and either of this pair can be seen as more of a whole and be accepted 
(that b, the man in the laboratory b sbualired as working through the whole 
problem; or the engineer can see the hnbbed road), while the other is seen as 
partial and is rejected (that is, the engineer is s-isualued as working only on the 
end-product; or the man in the laboratory ncser secs the plan carried out). 
Likewbe, science can be carried out in the laboratory or in a far away place; it 
may insolvc large-scale anion (traveling, digging, exploring, constructing, flying 
through space . . ) or the skills of fine detail (gazing through a telescope, por- 
ing over a microscope, dissecting, softnng equations . . . ). The goals of science 
may be humanitarian (working to better mankind, /Ending cures, making new 
products, deselopmg programs for atoms for peace . . . ), or, in contrast, they 
may be either indi\idualiitic (making money, gaining fame and glory . . . ) or 
destruaise (dissecting, destroying enemies, making explosives that threaten the 
home, the counliy, or all mankind - . )■ 

Since, by implication, science b the source of unlimited power, its practi- 
tioners should have the highest and the most selfless moiisaiions to use only its 
construetbe possibilities only construaisely— /or the welfare of iheir country and 
the betterment of people, the world, and all mankind. 

The taE-vnyt: the thared image || 

The teientut u a man who wears a while coal and works in a laborolory. 
He is elderly or middle aged and wears glasses. He is small, sometimes small and 
stout, or tall and thin. He may be bald. He may wear a beard, may be unshaven 
and unkempt. He may be stooped and tired. 

He is surrounded by equipment: test tubes, bunsen burners, flasks and bot- 
tles, a jungle gym of hfown gfoss fu6« and weird machine! with dioft. The 
sparkling while fahorotory U full of sounds: the bubbling of liquids in test lubes 
and flasks, the squeaks and s^ueofs of laboratory animals, the muttering voice of 
the scientist. 

He spends his days doing experiments. He pours chemicals from one test 
tube info another. He peers raplty through microscopes. He seam the heai’ens 
through a telescope {or a imcroscope.'J. He expertmenis with planU and animatf, 

II A few of the more mature slildenu mine that thii picture is Hercotspeil amf 
incomplete. So. for inuaotc. hasinif dewribed the loentiH at the “man in the while 
toat.“ iluJenis continue: “On second Ihousht— he might equatlr well be letning a 
unall itream. feeing facti into an electronic computer, or injecting a radioaaitc 
fluid into the veins of a monke)" (boy. 17. 12ih grade). “I lealue that there U more 
than microbiology (lhat is. the man in Ibe white coal) to Kience. Therefore, I chink 
of the atom, and somehow j|»i>t of old men. wotUng on xatious bombs and reactors. 
Ithen I think of the use of atoms ior peace. I think of young men working in offices. 

I don’t know why" (girl. H. lOlh grade), “.^l the word science, I tan imagine so much. 
The scope U unlimited and I soractimes dn ocH connect the two wonlt seiertce and 
srimfut ant further than the Uboraiory. But if I coold put the two together, a som- 
tiK would beeme more of an adteolorer. a lomatiudst. than a flgute who is nothing 
but a human IBM machine" (boy, 15, lOlh grade). 
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ilie instnjciion "Draw a icicniiit.'* and ibe entire pictorial file from the public 
relations ofSce of a pharmaceutical company. 

4 Still another set of student euays from sample A was gisen to » seventh 
senior consultant, who had had no pFcvimis osniact with any of the materials. 
Since she had not been involved in the earlier stages of the study, she could 
bring a fresh point of view to the final conference on the basis of which the 
report was wTtiien. 

5. final tonference of the senior consultants was held, at which the 
preliminary findings were again reviewed, and the findings presented in this 
article were discussed in detail. Thetc was general agreement that the findings 
clJeciiiely represented the data§ 


Tht eompoiite fmoge. In reading the following composite statements, it is 
important to realire that they do not represent literary descriptions written by 
the analyst, but rather composites of tiie responses m.ide by the students in their 
essays, so that each "comjiosiic iniage~ is to be understood as being something 
li e a composite photograph whith emerges from a sery large number of super- 
imposetl photop^phs Each phrase (lesponsc) both stands for a family of phrases 
(responses) which were used throughout the ess.iyi and is itself a recunenily 
used phrase (response). The phrases have been grouped in relation to themes, 
fn *’“* «o tl'ttnw might occur in any order 

“ ''"I^ftant to realire that in organizing for presentation here 
L I Vs.*"'' «*'« composite image of the scientist, 

on ‘cpara.t^ out from the answers the positive phrases (responses). 

.,1 H J" ■ ; "'P'"' f'"'” on Ih, oibcr h.nd;.i ■« 

i.rai, ol combini'io",’ "■> “‘“'-'nS"*" * 

..v l> ‘I'Knurf. i, »m b, »„|„| 10 look >1 lb, 

bibn SJ!,, i" Inlloning rempo,!,, .Ultm.on. 

Snen in p,„nib,ic,. i,„<l „pl.„j,o., 

ni, bi,- Tb, 

„p,rim,o,, o„d v7'"’ 

tolnoj-zooloi, nnd ,o,o„l, [ita"; ", 7 '”7 VC.' ' °u' 

do, d I ™ ‘k I”, l.borolor, .oil • 

oilronooiy (Ihi moon, p/fo... "“"'Ik """S' ■ ■ ■ >' 

.■liolojm [lie], t,l,„op„.,p„r,hii' ■P“"- “■I™.""”"" 

Oil weils, out of doon V «, J ^ ('he earth, roch, mines and 

polio reseanh serum. a '7 f""" and 

lossiu ZJC’ {e*f./or<.tion. ancient eUies. early man, 

scientific aptifude. ** * •'ieuee but a tool and a measure of 

The methods of science arc tesearrh . 

^t's'ery, e.ptoralion, finding cut new tA.W*"5 myenticn, dis- 

gj. . * "fo/ Seays of improving old ones. 

^persted wuhX Ameri”^^^ for Iniercullural Studies, vihich 

aW, ^ Buozel. Edith Cobb^tiu? ‘’f Science, we s.’ish to 

m ‘n Columbia UilSeraUrj^ni*hJ'’* ''‘>'f"'s"ln. Mark Zborowiky. 

lfni„ cniiaira ot the termr ?'J'’“f‘>Po'oi?T courses CS 271.8 and OS 

bniveriity of Michigan. ^ the Survey Research Center. 


«4 BntHMINIKO 


TH6 SOCCtS* or SCtENCe TfACMtHO 



He neglects hu /amily—pa^s no cttenOon to his wife, nei-er pleys with hit 
children. He has no social life, no other mtellectual interest, no hobbies or re- 
laxations. He bores his wife, hts children and their friends— for he has no friends 
of his own or knows only other scientists— with incessant talk that no one can un- 
derstand; or else he pays no attention or has secrets he cannot share. He is neier 
home. He is always reading a book. He brings horse work and eLo bugs and 
creepy things He is always running off to hts laboratory. He may force hts chil- 
dren to become scierilisis also. 

A scientist should not marry. A’o one wants to be such a scientist or to marry 
Discission 

Tlic "offiaar’ image of the scientist— (lie anstter s*hich »ill be gisen without 
personal intohemeni— which was evoked pritnarih m Form 1. but which recurs 
in the answers to ail three forms, is a positive one. 

'Fbe scsentsst is seen as being csscnual to our national life and to the world', 
he IS a great, brilliant, dedicated human being, witli piowers far bevond those 
of ordinary men. whose patient researches without regard to monev or fame 
lead to medical cures, provide (or technical progress, and protect us (rom attack. 
We need him and we should be grateful (or him 

Thus i( no more than Form I had been asked, it would have been possible 
to say that the altitude of American high-school studrnu to saence is all that 
might be desired. 

But this image in all lU aspects, the shared, the posicne. and the negative, 
is one which is iikeh to invoke a negative attitude as far as personal career or 
marriage choice is concerned. While the rejection in the neptive insage is, o( 
course, tmmcdiaielv clear, the positive image o{ verv hard, only occasionally 
revcarding, sen responsible work is al>o«ne which, while it is respected, has very 
little aitraaian lor voung .\merions ioda».** Tbev do net wish to commit them 
selves to long time perspeanes. to dedication, lo single absorbing purposes, to an 
abnormal relationship to monev. or to the risks ol great responsibility. Tliese 
requirements are seen as (ir too esacting The present trend is toward earlier 
ourruge, early parenthood carls enjovmeni of an adult (orm o( life, with the 
career choice of the man and (he job choice of (lie woman, if any. subordinated 
to Uic mam values ol lite-good hunun rebimns. rvpresved primarily tn terms 
of the familv and ol being and avvxiaiiiig with the kind of human being who 
cavil) rebtes to oilier people. 

lo the cstent that any carcer-lhat ol diplomat, lawyer, businessman, artist. 
avuiOT— is seen as aniilhetical to this contemporary set of values, it will repel 
male students as a career clioite and giih as a career for their future husbandi. 
Hut It is important to see also die particular ways in which the image ol a scien- 
tific career conflicss with contemporary values, it divides girls and bovv The 
boss, when lliei react poutiselj. include motives whitJi do not appeal to the 
girls-adveniure. space travel, delight m speed and propuluon. die girls, when 
they react pcnitivclv, empluii/e humamcaruniun and selfsacTifite for humaniiy, 
which do not appeal i<> the bisw Ibe guU reject sciencr. boih as a possible form 
of woit for ihenuchcs. concerned with Uiiiiip rather than with jieople. with non- 
living things (bUiratory aiiinub. not live aiiinuls. parts of anatoms, not Jiving 
children), and lor dicu’ hmlcmdv because it wdl sejutaie diem, give their huv 
band, absorbing interests which dies da tsoc share, am} insobe them in tiii’isi 
kinds of danger. In earlier petvodv when (aree* ((wiurs and manugrs occurred 

** In thii staiement. we ctiaw not onts w. (b« a'tiiMtes in Ihis .tur}., t-ot »i a 
• »!< saiiclj U odxr maietuU «o ike aliiitiile* U conietwpwir; ynurg .SrariKjin. 
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In contrast, other acthities are defined ai nonscientific because they are 
absorbingly interesting: "watching things grow that I have planted," or "work- 
ing on my hot tod car ” 

The role of the teacher— as reBected in the comments of a whole class— is 
an exceedingl) inicresiing one TTie disliked teacher is {Krsonalired and vivid: the 
teacher who has obviously been very successful and has caught the imagination 
and enthusiasm of the whole class does not emerge as a person at all but. instead, 
sinks into the background of good classroom conditions, together with "good 
laboratory equipment." Special aspects ol the disliked teacher are commented on 
in detail. He may be described as an outsider, a stranger, with unusual habits 
of dress and manner, who does not know his subject well, who cannot talk 
about anything but his subject, who lives alone without the slightest tie to the 
community, who is "stuck up and who is loo biisr for anyone but himself." It is 
easy to see how the only male teacher in the scliool presents special problems 
to the boys, if he himself is a figure they reject, and how casilv the sphere of 
work for which he stands may be rejected also So one bos wtiics. ".Anyone who 
digs our leather's gab is a square as well as being queer." Some of these conse- 
quences undoubtedlv flow from the convention in the United States that, ideally, 
science should be laught by men, with the result that men who might be more 
successful teachers in some other field arc lorced into teaching a subject which 
(hey dislike and in which they hase no s|>ecial sompetence. Similarly, foreigners 
and refugees— il male— may base a bcticr chance to get positions as mathematics 
and science tcadiers than thev ha«c in other fields tt 

Tlie significance ol the tack of |>jruiuljr mcniion oi the good Kicnee teacher 
is equally important, for it is related to the lark ol mvocaiion of authoritv by 
the students, who state their opinions about scicme— even iliosc obviousK related 
to a particular leachcr-as their own Onlv when tJiey disagree, when they wish 
to attack the current image of Kience as a good thing from a minority position— 
that is. from the viewpoint ol some fundamentalivt religious povition which they 
accept— do they invoke authority It is related alw> to the situation in .American 
culture where, through generations, there has teen a break between immigrant 
parent and native born child. In this new scintig. the F.urwpean tendency for 
children to identiis with the |>eiv>nalitv and octupaiion of the parents has 
been replaced bv a tendenev lo follow the stvlc set bv mml>ers of one’s own 
generation, especiallv those in ones own total school clique 

In the classrotim a disliked fellow siiiiieni who ii regarded as a future 
scientist may also be drscTit.ied in some detail, av students say they do not want 
to be (he kind of scientists who 'go alwsut with their notes in a laooV. looking 
supetiof" but in those tjavttooms where cvetvone hat lieen tummilled lo the 
joy of some esperinieni or projetU no indnidiulv emerge: it » im|x>tviblr to say 
wlut IV the sex. age. naiionaliis. and iwrsonalitv ol the teacher. 

In summary, it mas be said ilui where science leathiiig it succesdul, the 
leather has created a situation in which his or her (one thies m>t know which) 
personality sinks into the batkground. and in which no one tiudeni tiandt out 
at so rsjiecially gilied and prerxcupied at to route annovaiur in the tlatt Stu 

yy The tnher tide f>t shit >t sonwtvTOet %rew In ewsmewli maxte ht fintitnm 

who hate enieretl the sciencrt ie<au>e Ameneam it ink Ihet leqiiiir lot a 
e»l,:e ol tlie culmir. arwl who l«t jii*e ol llieir Mimer iiaiume on s:« lra<hiii5 icwiiKirx 

trachn fUrt luicL lo the tiiio where he fat (fierwji or at leau un li«e ant«iiB»>o«h, 
(Rated on lilehiuort iIjij Iriwii (hinete tnlormaels <n rhinew teiikm n( i>ie 
'•ludT rioeram In Human Health and the Iroloipi of Han. .Sew kotV Jliwmul- 
Cornrll Metheal Colley, Sew koil I 
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later the cirlt aitiiiitlp^ m»;ht not ha\c mattered so much; they arc very impor- 
tant today on the one hind, because gwis represent a principal untapped source 
of technical vkill ant! on the oilier hand, because, with present adolescent social 
paiterns. paired boss and guK spend a great deal of time discussing the style of 
their iiiipcnding maniage and parenthood and the relationship of the boy s career 
choice to ihe kind of home they will have 

Ihc imago of the scientiMs relationdiip to money also presents a problem, 
in a ptiiiid of full employment to soung people ssho think that an adequate 
income is something that should be taken for granted. The scientist is seen as 
haling an abunrmil relationship lo money lie is seen either as in danger of 
yielding to ihe temptation ol money and fame." or as starving and poor be- 
cause of his integnts The number of ways in which the image of the scientist 
contains eMTinics which ap|>eai to be contradictory— ttx> much contact with 
money or too little being bald or bearded; confined work indoors, or traveling 
far away talking all ihc tune in a boring way. or ncser talking at all— all repre 
sent deviations from the accepted way of life, from being a normal friendly 
human being who lives like olher people and gets along vtfith other people. 

SpECII IC IVDICATIOSS ABOtT THE TEACHI^C OF SCIENCE 

From the standpoint of leaching, tl u mporianl to realize how the present 
image of seientifii work laths any sense of the delights of intellectual activity;* 
the scjcniisi works patiently and carefully for years, and only when he finds 
out something docs he shout wnh joy. This lack of any sense that intellectual 
activity IS rewarding in itself can be rel.vted to the lack of any mention of living 
things, phnt. animat, or human, m the materials with which the scientist is be- 
lieved to work. Plants and animals appear only as dead objects for dissection; the 
human body, as organs or systems studied m the laboratory and treated in medi 
one. whole human beings appear only av ilie dead denizens of dead and buried 
cities and most of the scientists about whom they read are also dead. The lack 
of any sense of enjoyment can also be related to die central role given to mathe- 
matics as a tool, without any emphasis on the delights of observation, as in early 
natural history studies or in the pcrccpnon of regularities and eonneeiions in 
the world around them, or between themselves and the world around them. 

Because the materials were analyzed class by class and schc»l by school, the 
study has also yielded, as a by produa. certain sidelights on science leathing: on 
the importance of participation as opjaosed to passive watching, on the role which 
the personality of the teaclier plays in attitudes toward science, on the effect on 
Uie rest of the class of the presence in it of one type of exceptionally gifted child. 

One of the most tecurrem resjionsrs is an expression of active boredom, the 
phrase, "1 am not interested in Kiencc," or in a particular science course (chem 
istry or physics), followed ofeasionany by highly emotional expressions of fury 
and haired of particular activities which are being demonstrated "Interest" and 
active enjoyment" seem to be so closely rebted that the student seated in » 
classroom v»ho has to watch things being poured from one test tube to another 
or listen lo a string of unrelated facts beromes permanently alienated. General 
science counes seem to be the ones in which this attitude toward science is 
characteriMicnlly invoked, except when a gifted teacher gives it some special 
emphasis \Vhen mathematics is seen as the key ability on which all future scien- 
tific work IS based, not liking and not being able lo do mathematics become a 
speaally weak point In the circle of the studenu' interests. 

•luhcs ours. 
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5. Emphatiie the need for the teacher who enjop and it proficient in 
science subjects, iirespecthe of that teacher’s sex; this would mean that good 
women teachers could be enlisted instead of depending on men. irrespectirc 
of their profidencT. Since it would seem that the boss do not need to identify 
with an adult male as a teacher, this should lease us free to draw on women 
as a source of science teachers. 

6 Change the teaching and counsehng emphasis in schools which now 
discourage girls who are interested in saeoce. TTiis would hare many diffuse 
effects: on the supply of women teachers and of women in engineering, on the 
attitudes of girls who are helping boss to choose careers, and on the attitudes 
of mothers who are educating their small children in wars which may male or 
mar their ability to deal with the world in scientific terms. 

7. De-empha$«e indisidual representatises of science, both outstanding in- 
dJsiduals like Einstein— whose uniqueness simpU convinces most students that 
they can neser be scientists— and the occasional genius-tvpe child in a class, 
frhis type of child, who represents onU one kind of future scientist and who Is 
often in serr special need of protection (rom the brutalities of his age mates, 
should probably be taken out of small. low-le\el schools, and placed in a more 
protect^ and mieUectual environment.) Instead, emphasire the sciences as fields, 
and the htstorx of saence as a great adventure ol mankind as a whole. (The 
nonotonousls TecurTent statement "if it waen'i for saentisis we would still be 
living in caves" is an insult to the metnorv o( millions of anonvinous men who 
have— each in hu wav— nude further advances possible.) 

8. Avoid talking about the taental, sctence. and the snenU^e method. Use 
instead the names of the saeoces-biologv. phvsio. phpiology. psychology— and 
speak of what a biologist <ir a physvtast does and what the many diSereni metb* 
ods of science are— obsenauon. measurement, bvpotheses-generating, hypotheses- 
testing, experimeoL 

9 Emphasize the life sciences and living things— not just laboratory animals, 
but also plants and animaiv m natute— and living human beings, contemporary 
peoples, living cbildxen-noi the bones and dust oi dead oties and records in 
crumbling manuscripis. Living things give an oppormnity for wonder and 
humility. necessanl> less present in the bboratorr where studenu deal with 
the inanimate and the known, and conurt with living things counteracts the 
troubling implicauon that the scieniui is all powerful. 

Contluston. This report is not in anv wav a siaicmern ol the proportion ol 
high school students who will choose science as a career. It is a discuuion of the 
suie of mind of fcIlow-studenU. among whom the occasional future scientist 
must go to school of the degree of persona] motivauon necessary to corami't 
oneself to science, and of the atmosphere within which the soence teacher must 
teach. Since most high-school studenu' attitudes doselv rtfleo those of their 
porenis. it is also an indication ol the climate of opinion in which parenu 
may be expected to back up their children in choosing science at a career, ati- 
rens may be expected to vote funds for new laboratories, and voters may be 
expected to judge Congressional appropruuotts for saence education. 
Devasuling. illuminating, challenging, irritating, exciting— all these lerms 
eould be tried to describe this studs bj .Mead and .Meuaux. Certainly there 
are itianv sobering facts and conclusions here for teachers to ponder. .As we 
said earlier, the science teacher is not solely responsible for this image of the 
scientist. The advertiscinenis in roagarines, newspapers, on T\' and billboards, 
all contribute to the distortion of the image of the scientist. So do cartoons and 
the often deprecating tone of newspaper articles about science and Kientists. 
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dents and iiacher appear l 
ol their li'Ls, prtmcupied 


, have woried as a group, accepting science as a pan 
kith no specific identified inditiduals 


Rl COMMESOATIONS 

AJa^s media Straight across the country there is a reflection o£ the mass media 
image of the scientist tvhich dtarcs with the school materials the responsibility 
for the present image Mierations in the mass media can have important con- 
sequences in coneemig ihe present distorted image if such changes are related 
to^real conditions Aitempts to altei the image, in which the public relations 
department of a particular company represents its research personnel with aew 
aits and fi\e children, may improve the reciuitmcnt program of single com 
panies hut do so only at the expense ot intensifying the negative aspecu of the 
image for the country as a whole 

What IS needed in the mass media is more emphasis on the real, human 
rewards of sciencc-oo the wav in which sacntists today worV in groups, share 
common problems, and are neither "cogs in a machine" nor "lonely and iso- 
lated Pictures ol scientific acuviues of groups, worling together, drawing m 
people of different nations, of both sexes and all ages, people who take delight 
in their work, could do a great deal of good , . 

The mass media could also help to break down the sense of discontinuity 
between the seientist and other men. by showing science as a field of endeavor in 
which many skills, applied and pure, skills of observation and of patient, exact 
tabulation flashes of insight, delight in the pure detail of handling a substance 
or a material, skills in orchestrating many talents and temperaments, are all 
important This would help to bring about an understanding of science as a part 
of life, not divorced from it, a vineyard in which there is a place for many kinds 
of workers 

The school) The material suggests the following changes which might be 
introduced in educational planning 

1 Encourage more panicipanon and less passive watching in the classroonsr 
less repeating of experiments the answers to which are known: give more chance 
to the students to feel that they are doing it themselves. A denease in the passive 
type of experience found in many general science courses seems particularly 
necessary 

2 Begin m the kindergarten and elementary grades to open childrens 
eyes to the wonder and delight in the natural world, which can then supply the 
motive power for enyoyment of intellectual life later. This would also establish 
the idea of science as concerned with living things and with immediate— as con- 
trasted with distant— human values 

3. Teach mathematical principles much earlier, and throughout the teach- 
ing of mathematics emphasize nonverbal awareness, J1 let children have an 
opportunity to rediscover malfaeinatical principles for themselves. 

4. Emphasize group projecis; let the studenU have an opportunity to see 
science as team work, where minds and skdis of different sorts complement one 
another. 



personally enjo)able. In essence, the place of science for all is becoming a fait 
accompli, forced upon schools and teacher by two apparenth contradictory 
elements: 


1. More ^oung people, representing most of the range in abilities and 
interests, tend to remain in school longer. 

2. There is a greater need for scientists. 

General science has become a course in which the basis of general educa- 
tion is applied. To a great extent this is true also of biolog)-. In chemistiy and 
ph)-sics, there is still greater concern for the subject material as a possible basis 
for careers in science. These courses ha\e Lept their air of specialtration; never- 
theless, changes are beginning to appear. 


The need for science teachers 

Science teaching in the United States has been successful, so successful in 
fact that each sear man\ thousands of >oung men and women choose careers 
in science and enroll for a difficult sequence of collegiate courses. Each year 
more than fort) five thousand graduate from college as majors in science and 
engineering. In addition, over three thousand complete the arduous program 
for a doctorate degree in these helds. The rapid expansion of our laboratories 
and technical industries exhibits the competence of these graduates. 

ParadoxicaKy, this very success has turned increased attention upon the 
improvement of science instruaion all through the schools, for "nothing breeds 
success like success." AVe enjov the benefiu of science: we want more of the 
same. Science teaching has. at least in some wavs, been successful. 

In the previous chapters we have indicated that there is, and probably 
alwavs will be, room for improvement in both the intent and the content of 
our science teaching. The social responsibility of the science teacher is now- 
recognized. No longer will "good enough" pass inspection; we must strive for 
"ever better.” The teachers’ obligations to a diverse group of children, increas- 
ing school enrollments, and the changing setting of science in the culture can- 
not be dismissed casually. 

The growth of science enrollmenfs 

With a large proportion of the current children enrolled in school (forty 
million pupils), we may forget that nearly one-half of the adult population 
never attended high school. Raised in dmes when schooling v^-as a rare soda] 
privilege, half our adults never had am contact with a science teacher. 

In 1890 only one child in fourteen, aged If to 17. w-as enrolled in any 
secondary school and eligible for such science courses as v»ere offered. In 1955 
over three out of four in this age group were in school. fVith the diversification 
of pupil abilities and interests in school has come a diversification of elective 
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These altitudes are tsidespread throughout the public. The science teacher 
alone cannot be expected to oxercome them all or to do it alone. Yet the science 
teacher is one of the prime mterpretcis of the way of the scientist. His oivn 
attitudes, the tsay he teaches, the intent and content of his courses, all lend 
support to the mi.igc of the scientist and the scientific enterprise which the 


youngster conjures up 

This whole hook has been aimed at helping teachers enable children to 
■'sense the deliglus of intellectual activity," and to see how the real world of 
li\ing tilings and operating dexices can be the source of stimulating study 
ihioiigh actnc p.ii ticipaiion For the great mass of students the effecthe 
teacher, the guide to learning actixmes, becomes a blur, with the student's 


enthusiasm and glow directed loxvard the subject areas in which he is involved 
Much the same must be retognized as the role of effective parents whose par- 
ticular suppoi ting actions are rarely recalled by their children, even while the 
aura of p.irental warmth and interest are long treasured. 

Mead and Metraux suggest less emphasis on the "xcry great” scientists At 
first this evokes disagreement until we realite that all too often these men are 
presented as lemote geniuses xvho should be idolised for their accomplishments 
which often are incomprehensible to the studenu In fact, these great men are 
often presented as the source of the information, theories, and equations which 
cause the student so much difficulty. No wonder they are looked on with 
dismay and awe, and sometimes, we suspect, a bit of distaste. This immediately 
suggests that the scientific greats be presented as human beings (some of them 
young, xcry young) who made mistakes, had political troubles, tried to earn an 
a. =q....c l.„„g, and b.ha.cd much hU ,he ,e.t ol Name, dam., and grea. 
scientist^* y *'‘>1 enough lo decelop such impressiom of great 
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2I>T GroMTl/i of population aged 14-77, and of secondary school 
enrollments 1889 to 196S^6 * 
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Total 

Public 

pit 

1889-90 

5,354 

360 

203 

157 

67 

3.8 

29 

1899-1900 

6.152 

699 

519 

180 

11.4 

8.4 

25 

1909-10 

7,220 

1,115 

915 

200 

13.4 

12.7 

58 

1919-20 

7,735 

2300 

2500 

300 

323 

239 

3.9 

1929-30 

9341 

4.804 

4399 

403 

514 

44 

43 

1939-40 

9.720 

7,123 

6301 

522 

733 

60. 

5.4 

1949-50 

8.404 

6,427 

5.707 

720 

763 

64. 

83 

1954 55 

9.162 

7579 



794 



1960 + 

11370 

9,^6 

8533 

1318 

77 

71. 

88 

1966 + 

14397 

11317 

10547 

1570 

80. 

71. 

83 

• Based on 
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of £cfuralion t948-i0. Chapter 1. Table 16, also Surrey I9S0-S2. 

+ A1I igare 

1, Tabln 3 and 

11. V S 

Coscmment Piinting Office, Washington. D. 

a 

i for 1960 and 1966 are estimaies 









coupes. Despue the mtroduction of general science and 

of hic^h school students enrolled in saence at any one t.me has shifted from 
84 ner cent in 1900 to 54 per cent in 1949.» Such figures are often cited as evi 
dence .1... m the "sood old do,." .lung, were hr bet.er, No.e, however, .ha. 
the pereeniage ol ihe lo.ol high-wiool age gtoup enrolled ,n science sh. ted 
dramaucall) hoii. a mere 7 pe. cent m 1900 to 37 pet cent in 1955 (Table 2h > 
bcience instruction is now reaching a far larger proportion of the children than 
ever before in history. Furthermore, the social climate is such that we can 
expect this proportion to continue to increase. Certainly, wc must be seriously 
concerned about svho teaches these science classes and both the intent and the 
content of the instruction. 


The imporfonce of able science teachers 

In the New York Times, January 9. 1955, Dr. Henry Chauncey. Director 
of the Educaiioiul Testing Senice, was quoted as saying that "the manpower 
resources we fad to develop may cost us our survival." As every reader knows, 
the urgency of this observation stemmed principally from the need for addi- 
tional military research and development. Financed at several billion dollars 
a year in pre-e.uth satellite times, the governmental budget for scientific 
search on military problems will increase and stay high for years. 

Likewise, the pressures arising from a booming population, booming in- 
dustrial production, and the impact of Kiencc and technology on life and living 
will continue to require more individuals working within science and tech- 
nology. ^\’ilhin the general economy the need for people with technical skills, 
as well as for creative scieiubts, will continue to rise, since the nation's economy 
U highly industiialired and will become more so. In war or peace scientists have 
become a national resource. Science leathers, too, because they play a critical 
role in the e.irly encouragement and self-identification of potential scientists, 
are a national resource. 

4Ve have noted, in this chapter and earlier, the key role of the teacher m 
developing tutme scientists. While we are deeply concerned about the supply 
of potential scientists, no teacher can disregard his responsibilities to the great 
nijjonty vvho are indirect consumers of Kience and technology. As we have 
stressed, the attitudes as vvell as the knowledge of these millions are a teacher s 
major responsibility. Even now, dose to lialf the children do not graduate 
from secondary school.^ Their principal opportunity to become avv are of science 
as something other than magic, or glamour, or bigger weapons comes within 
the secondary school, within the years of the early matching of individual 
gifts with opportunities. .All our scientists tobe are in the secondary schools. 
There is wliere the continuing shortage is to be met— by science teachers. 

•Tlie percenuge figure for 18W in TaJrfe 21 I i« too low. but compleie waiisiics of 
roUracnis m 1890 appear lo Ire noimkieni 

'DaelWoine, imerica’s Kewtirca oj Pro/eioonai .\l«n/*ner. Harper. N V . tnvi 
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Course 

789 

18 

1.122 

21 

1.355 1 

21 1 

2200 

General rcience 

657 

15 

996 

18 

1294 

20 

2.100 

Biology 

41 

1 

8 

0.1 




Bolarty 

82 

2 

54 

1 




Physiology 

27 

1 

5 

01 




Zoology 

77 

2 

21 

04 



200 

Earth science 

S40 

8 

412 

8 

483 

7 

1,000 

Chemistry 

28S 

6 

291 

5 

303 

5 

700 

Physics 








Totals 

2.305 

52 

2.909 

51 

3,435 

53 

6200 

Science enrollment 

4.497 


5J99 


6,453 


10200 

US enrollment 

9i00 


8.300 


9.162 


14.400 

Population, age 14-17 
% t’oup enrolled 


24 S 


35 0 


365 

43 

in science 


T/ie prejenf demand far teachers 

The great cost of high sdiooh of science U by no means appreciated. The 
necessity of having men of distinction in speaal imesiigauons. and for having a 
great many special teachers, and for having ample means of experiment and 
illustration— all this is very imperfectly undento^. Tlie readiness vvith which 
men of truly scientific attainments are caught up to aid in the construction of 
public works, the development of mines, the exploration of new territory, the 
administration of great industrial establishments, and numerous other services, 
renders it difficult to obtain them as instructors of youth on the meagre allow- 
ances commonly bestowed for educational services. 


This was not said yesterday, but in 1872 by President Daniel C. Gilman of 
Johns Hopkins Univ ersity. Vet it is equally apt today. 

To develop scientific personnel and citizens who will live in a scientific 
economy, the "quality" as well as tire quantity of our science teachers is crucial. 
These effective science teachers are in short supply. Yet they are the ones who 
have the knowledge, attitudes, and skills to develop the potentialities of all 
our students to their utmost. Most teachers are persons who would be com- 
petent in industrial or government employment, but prefer to teach. Reports 
from many industries who have employed such science teachers in the summer 
support this conclusion.’ 


» Teaehers in Industry, Peporl of Sthool-tndusiry Samee Program for the Summer of 
t956, Sept. 1956. and School-lnduslry Science iVogram, Summer 1956, first Status Report, 
Oa. 1956, pampblecs. Hughes Aircraft Companv. Culver Ot>. Cal 
1 Ned Brvan and Edwin H. Cooper, Set^ *' 

Teachen Assoaalion, 1201 16'h St.. N.W, Washington 6. D. C. 


1 Industry, Naiional Sdence 
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TABIE 21-2 Sc/enee entollmeals in public secondary schools 1S90 fe J965 * 



1890 

A'o 

{thou- 1 
sands) 

% HS 

trSToU- 

ttienl 

1900 

A'o. % 

191C 

A'o. 

% 

1922 

No. % 

rniirtr 























7.9 

1 

199 

9 

BoljFly 

t 




116 

IS 

82 


Physiology 

♦ 


H2 

27 

IIS 

12 



Zoology 

+ 




51 

6 



Earth science 

* 


155 

SO 

155 

17 

97 

5 

Chemistry 

205 

10 

40 

8 

51 

7 

159 

7 

Physics 

46 

2) 

99 

19 

IM 

35 

192 


Totals 









Science enrollment 

665§ 

35 

436 

84 

602 

66 

1255 


US enrellmenl 

203 


519 


915 


2,155 


Population, age 14 17 

5B51 


6.152 


7220 


8,000 


% ®S* group eiirof/ed 









III seieuce 

12+1 



7.J 


8.5 




* Based on: OITice of Education. Bicnmaf Survey I94S 49, Chapter 5, Table 7, U. S. Govetn- 
ment Fnniing Oftice, Washington. D C. 19$). and K. E Broun. Ogennet and £nro{f- 
moils in 5noice and Malhematies in Public High Schools, 19S4-S!, U. 9. Coveinmcne 
riinims Office. Washington. D C. 19)6. plus personal consmumcationt 
t liiumM on basis of 19^9 data 

I No enrollment figiirei atatbble (or these courses, known (o have been eomraonly offered. 
I tncoinpleie 
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2f«3 Needed numbers of high sthoof teachers and science teachers, 
projected to 1960 * 



Xumberof Xumberof 

high tnenee teachers 

school (full and 

teackert part time) 

Xew science 

for 

replacement 

teachers for 
increased 
enrollment 

Total number 

1W5-46 

2S9.493 

58.0(10 

_ 

_ 


1917^3 

305.739 

62.000 

4.100 

4W» 

8,100 

1949 50 

314,093 

65.000 

4.300 

3000 

7300 

1950 51 

325.143 

65.000 

4j600 

0 

4.600 

1931-52 

329.173 

66.000 

4.600 

lOOO 

5300 

1952 53 

3315S3 

674»0 

4.609 

lOOO 

5300 

1953 54 

351.000 

70M0 

4.700 

3,000 

7.700 

1954-55 

366.000 

73.000 

4.900 

3.000 

7500 

1933-56 

377.000 

73JI00 

5.100 

2.000 

7.100 

1956-57 

389.000 

78.000 

5.300 

3.000 

8300 

1957-58 

411.000 

E2.000 

5600 

4.000 

9300 

1958-59 

417.000 

63.000 

5.700 

1X100 

6.700 

1959-60 

419.000 

84000 

5J«0 

1X100 

6.800 

* Frr.rT. 

Cnlicaf yean Ahead in 

Science Teaching. Report o( Conlerenoe o 


Problems of Science TeaehiriB 

m ihe Secondary Schools. 

Harsatd U, Cambndse, 1953 

Toul 

need (or hish Khool cearbers rounded 

oR from Table III in “Teacher Forecast 




1933. 
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would profit from the knowledge. Different teachers -zould readily become 
special resource personnel for \-arIous areas of new knowledge {see p. 522). 

After a careful appraisal of enrollments and numbers of classes, Pella 
answered the question: "Are we using full-time science teachers svhereser pos- 
sible?" w’ith an emphatic no. He concluded that “only 50 per cent of the 
possible full-time science teachers are presently employed." This result is similar 
to that encountered in many other statev,ide and nationwide studies. D'hiJe the 
decisions in teacher utilisation are basiolly administraihe and occi 2 r in many 
separate schools, teachers, individually and collectively through professional 
groups, can do much to encourage wiser utilization of the teachers available. 

The limitations resulting from the use of part time teachers in science 
are clear. Mostly they have meager command of scientific information and 
equipmental skills, but even more serious is their lack of interest in science. 
^\’hen the teacher lacks interest in science, the students cannot be expected to 
become excited or to have opportunities to practice sciencing in the classroom. 
Uninformed and insecure teachers cling tightly to their textbooks and reduce 
the class sessions to “talk and chalk.” 

Realistically, in all schools the number of science classes is unlikely to 
equal the full-time teaching load of an integral number of teachen; some part- 
time science teachen are inev iiable. They need assistance in acquiring informa- 
tion, knowledge of resources, $elf<onfidence. manual skills, and a "feel for 
science,” expressed through teaching methods Likewise, the beginning teacher, 
no matter how well “prepared” for his task, ncotfs continual advice and direc- 
tion. We see then that constructive, sympathetic assisunce or supervision is 
seriously needed now. In the years ahead, when many others even less well 
qualified will be in science classrooms, the need lor help on the job will be 
greater. For the sake of the future adults, who have only one chance in their 
schooling, we hope that individuai teachers, local school systems, and profes- 
sional groups of teachers will act to provide the best assistance available. 

Replacement. Unfortunately there are no accurate figures available on the 
number of new science teachers entering the schools each vear. However, some 
fairly close estimates of the supply can be made from indirect figures. In 1955 
there were 51,418 college graduates who were prepared to leach in high $cliooI.“ 
These indisiduals took, in all the colleges of the country, whaiescr pattern of 
courses were required for certification in the state where they were to teach. 
While the certification requirements differ considerably Ixtween stales, we 
may count these people as potential new teachen. Of this number 1,C90 were 
prepared to teach general science. 1,371 biology, 602 themisiry, and 219 
physics. All logciher there were 5,912 college graduates available as nesv 
science teachers. This is a drop of 57 per cent from the Gf-1xx)tn year 1950 
"hen 9,096 were prepared to teach science. (.\ similar drop of 51 per cent oc- 
curred in mathematics from the 4.610 in 1950 to 2.250 in 1955.) ^ct we hasc 
seen (Table 21-3) tliat about 7,000 new science teachers are needed each year. 

»>.N»lional Education AswUlion. Rewaich Divuiw. -Tlw J955 Teacher Supply and 
Detnand Report,** Teacher Education, Vol 6, No 3. 1933. 
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one additional subject, 2(>2 taught tieo. and 42 taught three or rnore other 
subjects The distnlniiion of teachers between fulltime in one science, full- 
time in science, and part time in science is shown in Table 21-4. 

This paturn of teacher utilization, confirming many similar reports from 
elsewhere throughout the country, is a crushing blow- to those who ssould base 
future science teachers "highly specialized" In one science. Only the festf larger 
schools can suppK enough pupils to insoUe a science teacher all day within a 
single science 1 he blunt facts are that half the secondary schools in the country 
enroll less than 200 pupils jior school, while half the piipili attend schools whose 
total enrollment is KiO or less Science teachers in such schools must be able 
to provide competent inviniciion in most of the science areas and also in mathfr 
inatics (not to mention phvMcal education). 

Certification laws, dillci mg widely between states and usually rather vague, 
are little protection to the employed teacher or Ids students. Classes have to be 
taught by the emplovtd siall. irrespective of the preferences or training of the 
staff. \ny prospective science leather will »ee for himself the necessity of a firm 
introduction to all the major fields of science and of maihcmaeics, beyond which 
some specialization is desiiablc. In college ihe more basic courses In each area 
should be selected, these are the courses which are diflicuU to "work, up" or 
read on vour own. 

No prospective teacher cm learn In college all that he would like to know 
or need to knovs- as an effective leather. Continual reading according to a 
planned program, aticndaiKC at teachers’ meetings, enrollment in correspond- 
ence, extension, and siimiiK-r courses arc means by which additional knowledge 
can be obtained Many special opponuniiies for summer study arc 1>eing pro- 
vided with stipends through indiisirics and the fcvleral government. These will 
never be enough for all who w-ant or iieevl them, but they are helpful. We can 
visualize some of those who have had such special opponuniiies presenting 
repeat performances in their local communities for the benefit of others who 


TABIE 2M Disfribufion of efesses of went* teocfiers In Wiifonsin, I9S6 * 
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Section Five 


TOOLS FOR THE 
SCIENCE TEACHER 


The tenn “fools" will have different meaning to different people; some 
teachers will ihink of tools in this sense using the microscope, using dissecfiiig 
instruments, building a micropro/ector, devis/ng an ammeter. 

These are tools in a verj’ special sense; they are dealt with in the accom- 
pan}-ing volumes, whose tables of contents arc to be found on pp. xx and xxi 
of this book. In these volumes there are several thousand special procedures 
and “tools" useful in the biological and phpical sciences. 

We think of tools in a more general sense, we have already discussed 
certain “tools" in prior sections. For instance the art of questioning (Chapter 4), 
lesson planning (Chapter 7), planning a unit (Chapter J7), planning with 
students (Chapter 4), the lecture (Chapters 7 and IJ), constructing tests 
(Chapter 20), using readings (Chapter 2), planning a course (Chapters 
10 to 18), the laborator}' (Chapter 7). 

To elaborate one instance, the use of the laborator)’ has been discussed 
and developed in different facets in Section /, in relation to wa)s of the 
scientist; in Section II, in relation to lesson planning; in Section III, in relation 
to the controversy between the lecture-demonstration and laboratory ap- 
proach; in Section IV, in relation to “practical eaminations.” In the present 
section we deal with the laboratory in a very special and limited sense; we 
offer useful recommendations on the organization of a laboratorj’ squad, 
facilities, and the like, without reference to teaching method. V'c do the same 
thing for the other tools; we deal with eighteen of them out of the mjTiad 

possible. 

Like all teachers, we should like to improve our teaching; and further, 
since we have taken on the task of n rif ing this boot, perhaps we can, through 
Jtiu, be of sen-ice to other teachers. If )ou have a favorite and respected tool 
Or procedure or source which you would like to share with others, will j-ou 
send it to us? We shall, in a revision of this book, publish }-our tool or pro- 
cedure with full credit to you. Or better j-et, why not develop your teaching 
device for publication in the various journals w’c list on p. 5JS? 

To build a profession of teaching, wc need to huild a respectable hfera- 
turc of fried and tested fools, devices, procedures, as well as a theory and 

method. 
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Our difliLuliies ate increased by the fact that only about half of the poten- 
tial new science teacheis enter schools as teachers. Contemplation of these 
stubborn facts arouses gnawing anxieties about the place of science in our 
schools for the next decades 


The future need 


The magnitude of future needs for science teachers was explored at the 
Harvard Conference m 1953.“ A committee headed by Henry Shannon, Super- 
visor of Sciemc for North Carolina, prepared the material shown in the illus- 
tration accompanying Table 21 3. Experts in teacher recruitment checked the 
data and were in agreement on the results, which led to these conclusions: 


1 fly 1366 the total number of full* and part-time science teachen will 
approximate 100,000. an inctiasc of some 35,000 oscr tlie 65,000 in 1955. 

2 Each and e\ery year until 1960 the need for new science teachers will 
exceed 7,000 and will approach 10,000 per year in the interval 1960 65. 

3. Between 1955 and 1965 a total of at least 100,000 competent new science 
teachers will be needed. 

4. The annual supply of |)otential science teachers is less than 5,000, of 
whom only about half actually begin teaching. 

5. A serious sliortage of science teachers ts growing and will continue into 
the next decade or longer. 


In view of these facts, the committee recommended that: 

1. Local and state school administrators make careful and realistic esti- 
mates of their future demands for science teachers ten years ahead. 

2. The National Education Association or the U. S. Office of Education 
gather, summarize, and publicize these needs. 

8, Particular attention be given to the smaller schools, usually rural, from 
which teachers are often recruited for large cities. 

4. Liberal arts and teachers colleges concerned about the quality of in- 
struction m secondary schools immediately begin, in cooperation with profes- 
sional scientific societies and asvociaiiom. vigorous recruitment campaigns for 
secondary school teacher candidaics. especially in science and in mathematics. 

5. High school teachers deliberately work to encourage pupils to consider 
science teaching as a vocation. 

6. School administrators concentrate responsibility for science leaching 
among a minimum number of qualified teachers. 

» .J' curricular changes in science be carefully examined in terms 

01 the number and ability of teachers required. 

The responsibilities of the science tcaclier are great, especially great in 
these times. As with any other creative area, a lifetime of praaice, contempla- 
tion study, and self criticism leads to excellence. Teaching, especially science 
teaching, remains a personal invention. 

n rkteher Watson. Pant Drandwcin, and Sidnn Rown Crli.r^l vv»rc Ah^ad in 
Sacce Teaching, Harvard V., Cambridge, 1953. pampld", ’ ' 
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In the interim between these questions students watched and took notes. 
The next day they tvent to tlie laboratory, and prepared oxjgen according to 
the procedure they had watched. They then spent the rest of the double-lab 
period testing the properties of oxygen by procedures they had read about 
in their text and in a supplementary chemistry text. 

A demonstration, in short, may be considered a group experiment in 
tshich selected members actually do the experiment, sshile all obserse care- 
fully and suggest procedures. de\‘ices, controls, and safeguards. All students 
take notes; all are expected to use, in future s»ork, the knowledge gained. 

The demonstration is not, of course, a substitute for the laboratory (see 
Chapters 7 and 13); it is but an additional tool of the teacher. 

The following references offer useful suggestions for demonstrations. 

SflfafD BCK3« 

Crouse, ^V. H , Underilanding Setenee, N. Y * Whittlesey House, 1918 
Freeman, M., and I. Freeman, Inztiatton to Expenmenl, N Y Dutton, 1910. 

Joseph, A., E. Motholt, and P. F. Brandwein. Teaching High School Science: A Sourre- 
book for the Physical Sciences, .V. Y llarcouri. Brace. 1959. 

Lord, Eugene H., Experimenting at Home with IVonden of Science, N, V.: D. Apple- 
ton-Century. 1942. 

hunt. J. R,, Eleclncify for Everyone, N. Y.: Maaaillan. 1943. 

Lynde, C. J.. Science Expenenres u-ilh Home Equipment, Science Experiences with 
Inexpensive Equipment; Science Experiences viih Ten Cent Store Equipment, 
Scranion, Pa. Iniernational Textbook Co.. 1937. 1939. 1011. 

Miller. Da\id F.. and Glenn W, Blaydes. Methods and Matenab for Teaching Bio- 
logical Sciences, N. Y.- McGraw-Hill. 1958 

Morgan, A. P., Things a Boy Can Do with Chenuslsy, N. Y.’ D. Appleton Century, 
1940. 

Morholt, E.. P. F. Brandwein, and .A. Joseph. Teaching High School Science: A Source- 
book for the Biological Sciences, N Y Harcouri, Brace. 1958 
Bichardson, J. S., and G. P. Cahoon, Methods and Maleriab for Teaching General and 
Physical Science, N. Y’ : McCraw Hill. 1951 
Schneider, H., and N. Schneider, S'ene Try This. K Y : tV'itliam R. Scott, 1948. 

Simmons. M. P., The Young Scientist, N \ : Exposition Press, 1931. 

Sutton, R., Dernonstralion Experiments in PAjsicj, N. Y ; McGraw-Hill, 1938. 

Sucrey, Kenneth M., After dinner Science, N. YT.: Whittlesey House, 1948. 

SriECTfO fAMPHiaS 

Association for Childhood Education, Uses for IVasle Alateriab, YVashington, D. C., 
1951. 

Blough. Glenn O , and P. E. Blackwood, Teaching Elementary Science, YVashington, 

D . G.'. ki . Oci.N«TOsasw\ ?cvtsM.n^ Office, V9UA. 

i Science Teaching in Rural and Small Tovn Schoob, YV'ashington, D. C.r U. S. 

Gosemment Printing Office, 1949. 

Bruce, Guy V.. Experiments with Water, Air; Fuels; Heal; .Uagnefum and Electricity; 
Sound; Light; 7 sols, Washington, D. C.: Nauonal Science Teachers Association, 
n-d. 

Basis, Hubert J., Some Handy Recipes for Science ll'orh, .Mississippi: State College, 
Department of Adult Education, 1952. 

InslTucloT Series of l/luslrated Units, Daiwille. N. Y’.: F. A. Owen Publishing Co. 
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Tools for the science teacher 


I 


The demonstration 


There are times when nothing but the demonstration will do, for example, 
when the teacher wishes: 

To begin a lesson and demonstrate a phenomenon at sariance with ordi- 
nary experience (eg., a balloon sticking to the chalk-board, by electrostatic 
attraction). 

To end a lesson leading to an e».tcmion of work at home (e g., just a 
festf minutes before the bell is to ring ending the lesson, he begins testing foods 
svith litmus— oranges, lemons, etc.— the bell rings and he svonders aloud who 
would finish this at home and report to the class). 

To dnelop a point during the lesson (e.g, students arc discussing the dif- 
ference between a single animal cell and a single-cclled animal: at a suitable 
point the teacher switches on a bioscope or micioprojector or film to show' a 
paramecium and a cheek cell). 

To highlight la/ely pincedures in the laboratory (eg., the first lime SW' 
dents work with glass, the instructor needs to demonstrate how to insert glass 
tubing into a rubber stopper, how to bend glass, etc.). 

To demonslwfe proiesses generally too d.mgerous or too complex for 
students to handle (eg, the Thermit process, the reduction of CuO, the dis 
section of an embryo pig. the first experience with circuitry in an oscillator). 

To demonslrale additional aspects of lahoratory work (e.g., it may not be 
desirable to have students do all types of preparations of, say, oxygen; one or 
more procedures might be demonsiratesl). 

For whatever purpose the demonstration is tised, »>« mnjor fu nction is to 
present evidence for a concept by doing, seeing, testing 

Who docs the demonstration' The class: every student participates, in 
one way or another The demonstration is pan of the lesson: as such, it would 
be wasteful to lecture as it b being done For instance, one te.-icher presented 
the routine preparation of oxygen in a general science class as follows: 

1. Students set up the apparatus (they had read bctoreluind). 

2. The teacher asked these questions: 

a. What substances are we to use? (The student who replied added 
the materials.) 

b. What is the equation for the reaction? (A student wrote it on the 
board ) 

c. How shall we proceed? (The students told the teacher, who added 
appropriate cautions on safety procedures.) 

d. How shall we collect the gas? 
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Tools for the science teacher 

The film, 
with directory of distributors 



We assume (hat )ou have ihe catalogues of educational hlni producers, 
most of whom are listed on p 481. Certainly your school library has the com- 
prehensive Educational Film Guide, with regular supplements.' 

Even a most casual examination of the catalogues or the compendium 
shows a rich variety of films, both sound and silent But it is the use of these 
films with which we are concerned. (.Analysis of Linds of equipment we leave 
to texts on the subject and to the teacher, who knows his needs. In purchasing 
equipment we follow two simple rules: (I) we examine the equipment and 
use, as a base for comparison, demonstrations by salesmen who explain the 
merits of their product; (2) we use the resources ol the Department of Audio- 
Visual Aids of the National Education Association, or other expert (see p. 481). 

^Vhat are the uses of films? Again we repair to classroom observations. 

As introduction to a topic: For insunce. one effective way to introduce 
and capture interest in the topic of classification is to show a film of a variety 
of interesting plants and animals Or in stimulating interest in metallurgy, 
show an industrial film, possibly on the winning of a metal. There are many 
such films available. 

We think it a mistake, however, to use the film constantly to introduce 
a topic; in teaching, as in life, variety of approach retains interest. For in- 
stance, we should not use a film to introduce a topic in which there is already 
great interest, such as satellites. 

As a review of a topic: For instance, there are many films on light and 
sound which may serve as a review of the topic. 

As a vicarious field tnp: One cannot always go on a field trip to a farm 
or a laboratory or an industry; one can use a film instead. For instance, the 
class can visit a beehive (unless you want to keep one) via one of the many 
films available. So a class by means of a film can go on a field trip to see a 
farm harvest, an operation in a hospital, a cancer laboratory, erosion and its 
prevention, a Bessemer furnace, the manufacture of plastics, the mining of 
sulfur, a cyclotron-alraost any kind of field trip you would want to devise. 

Of course, a film does not take the place of a field trip. It is a vicarious 
experience, like the filmstrip, model, or chart, a next best way of getting 
experience and evidence. 

S H. XV. Wilson Co., 950 Univmily Avc , New York 52. N. Y. 
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Tooli for the science teacher 


The chalk-board 


The some\vhat derogatory word '‘chalk-ialk" has its purposes: unfortu- 
nate!), It casts aspersioits on chalk, which is one of the most useful "tools” of 
the teacher. Its unfortunate connotation, in science at least, arises from the 
lact tliat \eiv often the cltalk board is used only as an aid to the lecture and 
as a substitute for the expenment or the demonstration, as a substitute for 
seeing or doing. 

Naturally, the teacher who has adapted the lecture to his own personality 
will use the chalkboard as skillfully as he uses his personality and his lan- 
guage When he has finished his lecture, students will clearly see on the board 
the evidence, argument, and conclusion of the lesson. But use of the chalk- 
board is not restricted to the lecturer. Teacher and students, no matter what 
the pattern of the lesson is, can nuake good use of the chalk-board. 

As an aid in demonstration: Six students breathed on the board through 
their mouths, the class saw six spots of moisture appear and then evaporate. 
(Other similar devices are to be found in the accompanying volumes, d 
SoiirreJiooA jor the Biological Sciences and A Sourcebook Jot the Physical 
Sciences.) 

As an Old m illusiratton: One teacher drew diagrams of many dilTerent 
protozoa as an aid to identification for the first microscope lesson. 

As directions in aiding an expenment: A teaclier drew wiring diagrams 
in color to assist his students in their first attempt to develop circuits. 

As an aid to discussion: As points arc made, students write their conclu- 
sions on the board for all to see and evaluate. Written statements are more 
easily analyzed than ones made Orally. 

As an aid to a report: As a student made a report he listed his majot 
points, and the most difficult (technical) words he used. 

As an aid to projeclions; One teaclier we know projects his slides directly 
on the chalk board. He then outlines in chalk the object projected, emphasizing 
major points or structures kVhen the projection is switched off, there, on the 
board, appears whatever the teacher wished to emphasize. 

As a reminder: One teacher had a permanent sector of the board titled 
“A Reminder." There, schedules of visiting lecturers, field trips, demonstra- 
tions m the assembly, schedules of tests, or required reading were posted. No 
student could say he didn't know about them. 

To emphasize and Teinforce: And, of counc, the skillful teacher uses the 
chalk board to emphasize a point made by a student or the teacher himself. 


471 TOOLS FOR THE SCIENCE TEACHEI 



^V'e ha\'e found that ii is a roost useful procedure to develop the topic 
in which the film is used as tve have described for the filmstrip (a ’‘tool’’ sec- 
tion immediately following this one). Except that the film is used where 
motion lends meaning to what is being studied, the technique of its use is 
similar to that of other visualization. 

The film can be controlled: it can be stopped during its showing at suit- 
able points for discussion or for a class demonstration or experiment. It does 
not substitute for the teacher because the teacher uses the film as part of his 
design, as pan of his plan for producing changes in behavior, for improving 
the skills, knowledges, and attitudes of the students in his care. 

Films, like TV', can be used by the teacher; but since teaching is not to 
be equated with telling and showing, the teacher in the film is not the same 
as the teacher in the classroom. The film is but one more tool in the arsenal 
of the competent teacher. 


Directory of distributors of films 

Below is a list of industrial concerns that have films and issue catalogues 
for distribution, and commercial film distributors witJj addresses of their 
central offices. A more extensive list is presented in the accompanying volume, 
'I Sourcebook for the Biological Sciences You will also want to consider lists 
pKpaied by your State Department of Education and other state and federal 
departments. See, in particular, U. S. Governmental Film Catalogue No 3434, 
U- S. Office of Education Bulletin No. 21, also Bulletin No. 12, A Directory of 
^JOO 16 mm Film Libraries, 1956.* 

Allis Chalmers Manufacturing Co., Advertising Dept. Milwaukee 1. Wis. 

Almanac Films, Inc, 616 Filth Avc, New York 18. N. Y. 

American Can Co , 100 Park Ave , New York. N. Y- 

American Cancer Soc., 47 Beaver St., New York 4, N Y. 

American Film Registry, 24 E. 8 Si , Chicago 5, IIV. 

American Guernsey Cattle Club, 70 Mam Su. Peterborough. N H. 

American Museum of Natural History, 79 St. and Central Park West, N. Y., N. Y. 

American Potash Institute. 1102 16 St, NW. Washington, D- C. 

Associated Bulb Growers of Holland, 29 Broadway, New York, N. Y. 

Association Films, Inc., 347 Madison Ave., New York 17, N. Y. 

Athena Films. Inc., 165 W 46 Si., New York 19. N. Y. 

Audio Productions, Inc , 630 Ninth Ave.. New York 19. N Y 

Australian News & Information Bureau, 636 Fifth Avc., New York 20. N. Y. 

Bailey Films. Inc-. 6509 De Longpre Ave., Hollywood 28. Cal. 

Baujeh & Lamb Optical Co.. 696 SL Paul St„ Rochester 2, N. Y. 

Beet Sugar Development Foundation. P- O. Box 531. Fort Collins, Col. 

Stanley Bowmar Co , 513 W. 166 St.. New York 32, N. Y. 

Brandon Films. Inc., 200 W. 57 Si., New York 19. N. Y. 

Bray Studios. 729 Seventh Avc , New York 19. N. Y. 

Bureau of Communication Research, 13 E. 37 St . New York 16. N. Y. 

J. I. Case & Co., Inc., Raane, Wr*. 

■•IJ. S Government Printing Office, Washington, D C.. 195!. 


THE FlUI. WITH DlXECTORY Of DISTKISUTOXS 4«1 



As an accessory expettmenl. Not all schools are fully equipped: not all 
classrooms base gas, clectricitv, and water for every student; not all experi 
ments can be done with facility bv everyone. For instance, to show that light 
exerts pressure requires tomplex iquipnient, to demonstrate that bacteria do 
divide under special conditions iv difficult \t that time a film may serve. But 
if It IS to be a suhstitiite cxjaeriiiient. then it might as well be treated as one' 

1 Before the film is shown, the experiment is pl.mnccl by the class; that 
IS, an expeiiniental design iv devised This licightens interest as the class 
compares its ovn design wiih the film's, it also forms a base for criticism. 

2 Onl\ that part of ihe film which is concerned with the experiment is 
shown For instance, part ol one film on honnoncs * iv given over to an expen 
ment on the eficct of p.irjtli\ioid hormone: the rest of the film is not shown 
at this lime The 'elected portion may be shown again and again until the 
class has milked it dry oi meaning. 


an accessory microscope or niicropro/irclor; There are some things 
which cannot be readilv shown at the appropriate time ihroiigli ordinary 
microseopes or micropiojiciors (bacteria or other cells dividing, sperm enter- 
«ng egg, etc ) I here arc films which record these processes. 

Again, the technique is as in the accessory experiment— to use only that 
pan of the film and to observe it again and ag.iin (by running it again and 
again). After all, the portions of the film concerned with the observation 
desired take up only two or three miimies And these portions need to be 
studied much as the same son of things would need lo be studied using the 
microscope or microprojcctor.* 

As a test; One teacher we knew told the class at the beginning of the term 
that he would use a film at the end of the term as a test of their knowleJg*- 
When the time came, he shovied a sound fdiii but nit off the sound track. The 
students were required to reconstruct the findings in the film. This technique 
IS useful for films dealing with a specific experiment. 

And, of foiinte, as a full-period lesson: Tfie film can be used successfully 
as a full lesson, but unfortunately the use of the film is often less than creative: 

1. The film is put on, and the class watchev. Discussion, if any. is carried 
on after the film. No notes are taken. 

2. Too often the narration is above {or below) the level of certain students, 
or even of the whole class. The narration can be cut off and the teacher can 
substitute his own. 

3. Too often the film "teaches," even preaches, conclusions not justified 
by the evidence presented in it. We consider tlic film as a means of presenting 
evidence: the conclusions should be reached by the students, through disais 

argument. Again, the teacher can turn off the sound and the music- 
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Tools for the science teacher 



The filmstrip, 

with directory of distributors 


t\'e should begin by noting that there is probably available a filmstrip 
useful for ever)- unit (or large organiied field of learning) in your courses of 
study. We urge you to develop a library of catalogues, v«hich usually have 
brief descriptions of the filmstrips, as part of your resource file (p. 525). 

Generally speaVing, the purpose of the filmstrip is to develop a sequential 
series of visualized ideas aimed at the building of concepts, although it may 
sometimes be used merely to furnish a tour (e.g.. of an industry). 

'Ve have before us several filmstrips— one aimed at the concept of electro- 
magnetism, another at the concept of scientific method, another at the concept 
of photosynthesis. All of them lend themselves to an approach which we have 
seen fine teachers use, and which results in widespread participation. This is 
but one u-ay, of course, of using a fiJiDstrip: 

1. The preceding day the lesson is decided upon; it may be planned with 
students, or be a sequence the teacher has in mind, or be part of an assigned 
report a student will make, or be chosen for some other reason. 

In any event, overnight the students read in the general area of the subject 
of the filmstrip. The teacher examines either the fiimsuip or its guide. Most 
guides have a fully illustrated sequence of the strip, with all the captions. 

2. Next day, the teacher (or a student on the laboratory squad, p. 501) 
puts the title frame on the screen (before the class period so that class time 
is not wasted). As soon as the lesson begins, the teacher (or student) snaps on 
the machine, and the title (e.g., "How Green Plants Make Food”) is flashed on. 

3. The teacher asks, •■^Vh3t do you expect to find in this filmstrip?" In 
the very brief discussion which follows, the alieniion of the class is focused 
and the mental activity of students stimulated. Even those who “know” how 
green plants make food have their expectancy stimulated. 

4. .\s each frame is on the screen, the teacher discusses it with the class. 
Questions are asked by the teacher; students draw upon their experience; 
notes are taken; all the devices of good teaching are exercised. 

5. At any appropriate point, the teacher (or a committee, or a student, 
if it is so planned) does a demonstration, for two reasons. First, the tempo of 
attention is altered; but second, and more important, not everything can be 
learned from the filmstrip— some things are learned better in other ways. 

6. As each “eureka” (Chap. 6) develops, it is placed on the board. 

ass 
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Coronet Films, Coronet Building, Chicago 1, IH- 
W'llliam Cox Enterprises. 2900 S Sawtelle Bhd , Los Angeles 24. Cal 
De Kalb “Vgriculiural . Educational Dnision, De Kalb, III 
IDenoyer Geppcrt Company, 5235 N Ra>enswood Ate , Chicago 40, III. 

Dow Chemical Co , Adtertising Dept . Midland. Mich. 

Edited Pictures Svsiero, Inc . 165 W 46 St , New York 19, N Y. 

Enoclopaedia Britannica Filim, Inc, 1150 Wilmette Ave., Wilmette, 111. 

Etli)l Corp , Chrysler Bldg, New York 17, N. Y. 

General Elccttic Co .Xdterusing S. Sales Promotion Division, Schenectady, N. Y 
General Motors, Dept ol Public Relations, 3044 Grand Blvd.. Detroit 2, Mich 
Hattau Press Bureau. 1040 National Press Bldg . Washington 4, D C. 

Hy-Line Poultry Farms. 1206 Mulberry St, Des Moines 9, Iowa 
Ideal Pictures Corp 58 E South Water St, Chicago 1, 111. 

Institute of \ isual Training 40 E 49 St , Netv York 17. N. Y. 

Institutional Cinema Sertice Inc,165W 46 St, New York. N. Y. 
lniern.iiio.ial F Im Bureau Inc, 57 £ Jackson Blvd, Chicago, 111. 

Iowa State I'nnersili Burem of Visual Instructions, Iowa City, Iowa 
Kansas State Collige, Dept of Poultrv Husbandry, Manhattan, Kan. 

Kiiowledt’c Builders 625 Madison Ase . New York 22, N. Y. 

Lederle Labontorics, Di\ ol American Cyanamid Co , 30 Rockefeller PI . N. Y. 20 
Library Films Inc 25 W 45 St , New York 19. N. Y. 

Metropolitan Life Insurance Co, I Madison Ave., New York 10, N. Y. 

Milk Indusc^ Foundation, Chrysler Bldg.. New York 17, N. Y. 

Modern Talking Picture Service, Inc . 45 Rockefeller Plaia, New York 20, N. Y. 
National Audubon Soaciy, 1130 Fifth Ave, New Y'ork, S. Y. 

National Fertiliicr Assn . 616 Investment Bldg, Washington 5, D. C. 

National Film Board of Cmada. 630 Fifth Ave . New York 20, N. Y. 


National Carden Bureau. 407 S Dearborn Su, Chicago, 111. 

National Tuberculosis Assn., 1790 Broadway. New York 19. N. Y. 

N Y. Timei, Office of Educational Activities, 229 W. 43 St . New York 36, N. Y. 
North Carolina State College, Dept ol Visual Aids. Raleigh. N. C. 

Ohio State University. Dept of Photography, Columbus 10. Ohio 

Samuel Orleans k Associates. Inc . 21 1 W. Cumberland Ave , Knoxville 15, Tenn 

Skibo Productions, Inc. 165 W 46 Sc. New York 19, N. Y. 

Society for Visual Education, Inc.. 1345 W. Dtversey Parkway, Chicago 14, III 
Sugar Information, Inc, Sugar Research Foundation, 52 Wall St . N. V. 5, N. Y. 
^ift 1 Co , Public Relations Dept , Union Stock Yards, Chicago 9, HI. 

Teaching Films Custodians. Inc, 25 W. 43 St. New York 18. N. Y. 

It c' D YVashingion. D. C 

. S. Public Health Service. Comimtnicable Disease Center, Atlanta, Ga. 

United World Films. Inc , 1445 Park Ave.. New York 29, N Y. 

^""Berkelq C E««Mion, Visual Dept, 2272 Union St, 

w “h* 2066 Helena St.. Madison 4, Wis . .. 

U’ , *^«*bl>»hment. 3000 East Ridge Road. Rochester 7. N Y. 

\V« in^bl ^ Southwest Morrison St , Portland 5. Ore 

f-”"" 


Im “•“I'’' '■ ^ ^ 231, C.*rfr.l Siuiob, New YotU 25, N. V. 

11 ';,.,. Foundatiem. F, O. Box 2059, Madison, Wis 

w“ b:;.",!!! fe wTm-n rsTN-'v"'"*' 
z^""h' c:;*.?:’"' ^ ■v”, i,. n. y 

Zurith .Amer.ean Co , ,35 l. Salic S, , Chicago 3, 111. 
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Tcwls for the science teacher 


The library lesson 


It cannot be taken for granted that students know how to use the library, 
especially in science. It is \aluable to desise lessons uhich require the use 
of the library during class time. Naturally, these lessons arc planned with the 
librarian, who then becomes the teacher. 

For instance, the topic "Plant and Animal Breeding" might be developed 
into a library lesson in this manner: 

1. The topic might be stated "How have we improved plants and ani- 
mals?” 

2. The class, under its chairman, divides itself into groups concerned 
"ith various aspects, e.g., “For Food.” "For Work," “For Beauty,” and so 
forth. Some may search out specific aspects, for instance. "Dogs,” “Hones.” 
“Apples,” "Blueberries." "Honey bees.” 

3. The class goes to the library, and if this is the fini lesson, gets from the 
librarian a dcmonstiaiion of the cataloging and sionng devices used in the 
library, as they apply to science. 

4. The class begins work during that period and each individual student 
completes his assignment after class. 

5. Students then report to the class on what they have learned. 

A library lesson is particularly useful in general science. If it is given 
once every month or every two months, vihcnever an appropriate topic is 
available, the students learn a valuable technique. Some topics we have found 
Useful for a library lesson are: 

Plant and Animal Breeding 

The Lives of Scientists 

The History of Atomic Eneigy 

Science in Industry 

Industrial Processes (steel-making, soapmaking, paper manufacture, etc.) 

The History of the Earth 
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7 When the filmstrip has been shown, each student is asked to write a 
brief summary He may refer to his notes, to the board, and to his recall of 
past experience and reading. 

8. Selected summaries are read in class and rated by the class (that is, after 
a summary is read the teacher iwU say. “John, what mark would you gise 
this out of 10^" If John says “8," the teacher asks ‘'W’hy?” The class can 
quickly decide on the grade). Tlie teacher gives the student two grades— the 
one giscn by ihe class, and the teacher's own. 

One teacher we know reviews in this way; After showing the filmstrip 
and discussing it as abose, he flashes on a frame, with the caption masked 
with a card, He then asks the students to describe the frame. 

In any event, whatever approach is used, ellective teaching practice indi- 
cates that the filmstrip be used in a lesson, and not substituted for a lesson. A 
filmstrip properly used is a lesson using visualization to help the teacher alter 
the behavior of his students in a desirable way. 

Using a filmstrip properly is an art, and, with the increase in the quality as 
well as the number of filmstrips, it is becoming an excellent one in the arsenal 
of teaching tools. 


Directory of filmstrip distributors 

Academy Films, Box 3088. Hollywood, Cal 

Encyclopaedia Britannica Films, Inc, may be obtained at the following offices' 
101 Alatietta St , Atlanta 3. Ca 
3745 Crabtree Road. Birmingham, Mich. 

161 Massachusetts Are . Boston 16, Mass 
1860 E 85 St . Cleveland 6, Ohio 
1414 Dragon St , Dallas 2. Tex. 

5625 Hollywood Blvd, Hollywood. Cal. 

7421 Park Ave , Minneapolis 23. Minn. 

202 E. 44 St , New York 17. N. Y. 

2129 N.E. Broadway, Portland 5. Ore. 

1150 Wilmette Ave , W'ilmette, 111. 

Filrastiip House. 25 Broad St . New Yoik 4, N. Y. 

Jam Handy Organization. 2821 East Grand Blvd . Detroit 11, Mich. 

L\!e Magazine, Inc., Filmstrip Division, 9 Rockefeller Plaza, New York 20, N Y. 
New York Times, OiTice of Educational Activities, 229 W. 45 St., New York 36. 
Photo Lab, Inc., 3825 Georgia Ave., N.W, Washington 11. D. C. 

Popular Science Publishing Co, Audio Visual Division, 353 Fourth Ave. New 
York 10, N. Y. 

Society for Visual Education. Inc, 1545 \V. Diversey Parkway. Chicago 14, 111. 
Sugar Information, Inc , 52 Wall St , New York 5, N. V. 

Universal Color Studios, P O Box 216, Grade Square Station. New York 28, N. Y. 
VisuiJ XduoifAjr? Cemsitllsao, lac, S9S6 IMena S< , Madison 4, tVis 
Young America Films, Inc., 18 E. 41 St. New York 17, N. Y. 


484 TOOLS FOR THE SCIENCE TEACHER 



scopes, first in relation to work directed by laboratory sheets, then in relation 
to an experiment they plan. They are given “practical examinations” (such 
as those described on page 402) in use of the tools and in identification of 
microorganisms, rocks, and so forth. 

Opportunity to repeot some of the classic experiments in science. This has 
been called “looking o\er the shoulder of die scientist." For example, in 
dealing svith Lavoisier’s classic experiment in heating mercuric oxide, the 
class begins with an assignment on Lavoisier, his life and times; reports are 
gnen. Then the experiment may be done as a demonstration by a group of 
students or by the teacher, acconiing to Lavoisier's description.* This may 
be followed by individual or group work with HgO in the laboratory, studying 
its properties, percentage composition, etc. Tlien the class extends this work by 
continuing with Lavoisier’s experiments in burning. 

(Students might, as a project, prepare such an investigation into the his- 
tory of science a month in advance ol its "trul" in class— Priestley's experi- 
ments, Winogradsky's experiments, for example.) 

Opportunity to vary standard experiments along "original" lines. Stu- 
dents are constantly asking questions alter doing the standard experiments. 
For instance, after testing the reaction of Paramecium to salt, they may ask, 
“May we try ink?" The reaction of Payamecium in shooting out trichocysts 
in reaction to ink is most edifying and may lead to further work. Standard 
experiments may be varied ad infinitum. 

Opportunity to do an "erlginaf" experiment or project in the laboratory. 
This can be sustained over a semester, or over several years. We discuss the 
project on p. 498. There is, of course, the matter of room for these experiments. 
Facilities for experimentation of this kind are at best limited. But many of 
these projects can be, and hate been, carried out in tJie preparation room (see 
Science Facilities, p. 506); in a corner of the laboratory, in the ordinary class- 
room (a table set up in one corner, perhaps), at home, in a college or univer- 
sity laboratory; in a museum 


A note on workbooks 

Rarely does a meeting of teachers go by without someone’s attacking the 
workbook. The controversy between users of workbooks and laboratory manuals 
IS likely to continue for some time. Neal * has summarited w'hat to us are salient 
points in the "workbooks, yes; workbooks, no" controversy. He writes; 

Workbooks for use in connection with secondary school science textbooks have 
recently been discussed at greater length than space permits here. Those who argue 
for the present type of workbook usually hold that it should be possible to do better 
workbooks— publications which would offer inspirational thinking exercises on a 

* See the Harvard Case Studies, described in Chapter 2. page 48 of this book. 

’Nathan A. Neal, "Textbooks, Workbooks, and Laboratory Manuals in Science," Na- 
‘>onal Ajiociadon 0 / Secondary-School Principals Bulletin. Jan. 1953. pp. 129 37. 
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Tools for the science teacher 



The laboratory lesson, 
with a note on workbooks 


The word "laboratorj” has been endowed with a mystical connotation, 
it is as if it vere a church where one went in supplication and came out al- 
ways itfith the desired answer— the solution to the problem. Discussions of the 
place of the laboratory by teachers of sdence sometimes border on unreality: 

If only students could use the laboratory to solve problems, the ways of the 
scientist would be taught 

If only the "cookbook- e^pcnn)enc were eliminated, if only we did not use 
"w'oikbooVs," we should truly teach Kience. 

Yet reRection svill show that the laboratory experiment is only one way 
of the scientist; before he enters u and during his work there, he spends much 
time in thniking, reading, and eonsulting Furthermore, much of his work in 
the laboratory is routine, the design of an experiment is perhaps more a mat- 
ter of thinking than of working with one's hands. 

It would seem to us that a full laboratory experience in high achooJ 
should include the following. 

Opportunity to learn to plon sequentio) work. First there is a period of 
acclimaiion. Students begin with directed laboratory work. These directions 
may be developed in the teacher's own work sheets, or may be found in good 
workbooks; the purpose of this work is to give students the feel of the labora- 
tory, to find out where equipment is. and the like. Most important, its pur- 
pose IS to permit the instructor to note ways of work and to note particularly 
those students whose habits of work may result m accidents. 

After this initial period of acclimation, students are given the topic of ao 
experiment and the necessary equipment, and asked (as an assignment) to 
plan their own experimenu; these arc checked and approved. The students 
then proceed on their own. For instance, after the fini week’s work on simpi^ 
machines in the physics laboratory students may plan their own experiment 
on the inclined plane. 

After a few such experiences students are ready to try a longer experi- 
ment. For instance, in chemistry students may work on an "unknown" re- 
quiring many periods of work. In biology students may classify an "unknown” 
animal under the microscope, dissect an unusual specimen, or go so far as to 
determine the genetic make-up of a special stock of Drosophila. 

Opportunity to learn skills. Studenu learn to use burners, balances, micro- 
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scopes, first in relation to vorl. ilirecicd laboraior) sheets, then in relation 
to an experiment they plan. They are given "practical examinations" (such 
as those described on page -102) in use of the tools and in identification of 
microorganisms, rocks, and so forth. 

Opportunity to repent some of the classic experiments in science. This has 
been called "looking over the shoulder of the scientist.” For example, in 
dealing with Lavoisier’s classic experiment in heating merniric oxide, the 
class begins with an assignment on Lavoisier, his life and times; reports are 
given. Then the experiment may be done as a demonstration by a group of 
students or by the teacher, according to Lavoisier's description.* This may 
be followed by individual or group work with HgO in the laboratory, studying 
its properties, percentage composition, etc. llien the class extends this work by 
continuing with Lavoisier’s experiments in burning. 

(Students might, as a project, prepare such an investigation into the his- 
tor) of science a month in advance of its ■‘mar’ in class-Priestley’s experi- 
ments, Winogradsky's experimenis, lor example.) 

Opportunity to vary stondard experiments olong "original" lines. Stu- 
dents are constantly asking questions after doing the standard experiments. 
For instance, after testing the reaction ol Paramecium to salt, they may ask, 
“May we try ink?" The reaction of Paramecium m shooting out trichocjsts 
in reaction to ink is most edifying and may lead to further vvork. Standard 
experiments may be varied ad infinitum. 

Opportunity to do an "original" experiment or project in the leberotory. 
This can be sustained over a semester, or over several \ears. ^Ve discuss the 
project on p. 498. There is, of course, the matter of room for these experiments. 
Facilities for experimentation of this kind are at best limited. But many of 
these projects can be, and have been, carried out m the preparation room (see 
Science Facilities, p. 506), in a corner of the laboratory; in the ordinary class- 
room (a table set up in one corner, perhaps): at home, in a college or univer- 
sity laboratory: in a museum. 


A note on workbooks 


Rarely does a meeting of teachers go by without someone’s attacking the 
workbook. The controversy between users of workbooks and laboratory manuals 
is likely to continue for some time. Neal * has summarized what to us are salient 
poinu in the "workbooks, yes; workbooks, no’’ controversy. He writes: 


^Vorkbook5 for use in connection with secondary school science textbooks have 
recently been discussed at greater length than space permits here. Those who argue 
for the present type of workbook usually hold that it should be possible to do better 
workbooks-pubheations which would offer inspirational thinking exercises on a 


* See the Harvard Case Studies, described ui Chapter 2. page 48 of this book. 
’Nathan A. Neal, "Textbooks, Workbooks, and Laboratory Manuals in Sdence." 
I'onal Association of Secondary-School Pnnctpals ButteUn. Jan. I9a3, pp. 129 37. 
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\anety of levels for pupils of differing abilities. These same proponenu also say 
that cost and time limitations usually present the publication and use of ‘TP* 
of workbooks which it is chimed would be desirable. Arguments in favor of the 
usual read the book fill-in the blanks type of workbook are: * 

1 It saves teacher time spent m writing cxercives and other workbook ma 
terials on the blackboard for pupils to copy and use. 

2 The preparation of workbooks— objective excrciies, suggested activities, 
review qucsiions— requires greater skill and more time than most teachers have 
for this phase of their work. 

3 Workbooks assure study guidance for all pupils. 

i. Workbooks assure some pupil lime spent on daily homework. 

5 Workbooks give practice in following printed instructions, an activity that 
IS common m adult life. 

6 M’orkbooks usually contain illustrations accompanied by sufTident exercises 
and questions to give the pupil teal experience in interpreting illustrations or 
diagrams 

7 Workbooks provide practice in reading for information rather than merely 
for pleasure, a skill which young people need to develop. 

Those who argue-j- that present type woikbooks are worse than none label 
them as hodgepodges of poorly selected, poorly organised, pedagogically unsound 
teaching devices. They observe ihai workbooks arc often constructed in the cheap 
est possible manner with poor typography, low quality paper, cramped wTiting 
space, and are inconveniently sited. It is further argued that time devoted to 
routine workbook exercises, questions and tests could be better devoted to simple 
experiments, field trips, observations, amt activities that are more stimulating and 
satisfying A publisher might answer that publication of the best possible work- 
books would be as eostly tn time, editivrial effort, and money as textbooks, and 
that the product would necessarily be priced outside any existing market for 
workbooks. 

We find similar arguments applied lo laboratory m-snuals for secondary 
school science. There are some who oppose published manuals because they tend 
to standardise pupil activity in the laboratory and discourage learning through 
Individual experimentation. Ihe critics often refer to even the best published 
laboratory manuals as "cookbooks" They argue that the only good laboratory 
manual is one made by the teacher on the job each year alter he is acquainted 
with the interests and abilities of individual pupils. The pro arguments are to the 
effect that there would be much less laboratory work without printed manuals; 
that pupils with special abilities can design their own individual experiments, 
that the great majority need proved and printed procedures in order to achieve 
any results; that teacher time is saved, that expensive laboratory materials and 
equipment are conserved; that the printed laboratory manual need not be a 
"cookbook” in the hands of a skillful teadier ^ 

• Jack Hudspeth, "Workbook*-? Yes." The Snenee Teather, JS, 74. March 1951. 

t Herbert S Zim. "Workbooks-? No." TAe Science Trecher. IS, 73, March 1951. 

tCreta Oppe, ' Workbooks-Worktexts-Laboratory Manuals," Melrotolitan Detroit 
Science ilcuew, \'o1. 12. No. 4. 1. 1952. 

Preparing one's own workboeh. We have seen leadiers prepare their own 
mimeographed workbooks to meet particular situations, e g.: 

1. A teacher of chemistry wished to introduce his laboratory work b.ssed 
on semi-micro techniques. (By the way, the evidence is by no means conclusive 
that skills in diemistry are learned better by semi-micro techniques, although 
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ihq are an interesting \-ariation.) There are now several worLboots which use 
these techniques. 

2. One teacher des eloped “case studies” in biologs; these led to laboratory 
work- 

3. One teacher modified ceruin college phvsics laboratorj- work for his 
high school rla« 

4. One teacher (dealing w ith science sh\ students— in this case slow learn- 
ers) descloped a full set of laborators sheets in applied chemistrj. 

Adeviotisn in the use of workbocks. Oneof the most interesting and fruit- 
ful interpretations of the workbook wc observed was this: A teacher gave his 
class a “standard” workbook in chemisin and explained that this was their 
guide to the course. Thej' would meet in the laborators daih and each student 
could work as fast as he VMshed, but a deadline was set for all. He would need 
to supplement his work with reading in various texts, the examinations tested 
die subject matter of chemisirv. 

The teacher was in the laborators lor consultation, when he saw a general 
difficulty, or upon request, he would caution, ask questions, carry on a dis- 
cussion, or do a demonstration. .Apparent h, a workbook can be used creativelv. 

1. The class finished the standard work in eight months; two months were 
left for doing “original work.” 

2. The gain in skills over a "regular” class was obvious even to the casual 
observer. The studenu were workmanlike and adult in their approach to the 
laboratory work: they had learned to plan. 

3. On sundard examinauam this class scored higher than "standard” 
classes of similar pupils. For instance, m the state examination the mean score 
for this class was eight points above the others. 

The quest for orisinality. In a heterogeneous group, there will be some 
students who will not be able to do even carefully direerrf workbook exercises. 
Some will manage well enough. .And some will want to do more and leam 
“ore; a wav of giv ing scope to such gifts in the laboratory may be indicated in 
this approach: 

•A student on the laboratory squad (p- aOl) b assigned to each class. Stu- 
dmts who have finished an exercise, or v\ho, because of their skill or knowledge, 
l^ve the teacher’s permission to do so, may get equipment from thb student 
laboratory assbtant and proceed to "original" work (the plan u checked by 
die teacher, if only to avoid accident and possible injury). 

Thus, any given laboraion may find students varying in the kind of work 
dicy do. from repetition to true originality. 

^^ork in the laboratory, like work in the classroom, u an invention of the 
*«achCT and the students. But the teacher b responsible for the climate and the 
°Pponunities. 


THE lABOtATOrr lESSON. WUH A NOTE ON WOKBOOICS 4« 



Tools for the science teacher 
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The field trip 


Tliroughout this hook we have mentioned various kinds of field trips; we 
asniracd in doing this that the field trip is a necessary part of teaching science. 

I he basic reason for trips is clear; to proside additional evidence and experi- 
ence that cannot be had svithin the classroom.* Even apart from the main pur- 
pose of the trip, biological, astronomical, etc., there are many concomitants. 

1. Students get to know their community, or its surroundings, better. 

2. They get insight into vocational opportunities (e.g., a trip to a dam or 
bridge ma> inspire an engineer, a trip to a pond, a conservationist or biologist: 
a trip to a weather bureau, a meteorologist). 

5. They collect materials: animals (frogs, harmless reptiles, small inverte- 
brates): plants (ferns, mosses, fungi, seeds): rocks and minerals; building 
materials (insulating materials, stone, brick); and so on. 

4. They may develop hobbies; phosography, astronomy, hiking, making 
and displaying collections. 

5. They have fun. and develop better relationships with the teacher and 
with each other. 

6. They may develop a sense of beauty 

Probably any teacher could add to this list of desirable concomitants to 
a field trip. It must be remembered that these things do not aucomaticall) 
occur; they must be planned for just as carefully as the subject-matter purpose 
of the trip is prepared for. The students can do much of this preplanning, and, 
we feel, should take on responsibility for finding appropriate solutions to ques- 
tions which must be answered vihen a field uip is being considered— where, 
when, why, what, who, and how? If she trip is to be significant to them, they 
should share in the responsibility. This will relieve the teacher of some details 
and also will help keep the group under control and give purpose to the effort. 

Although a field trip can yield so much if it is well conducted and prepared 
for, it is a diflicult thing to carry our. A field trip takes more lime than a class 
period: it disrupts administrative procedures; there is danger of accidents; and, 
above all, the field trip takes careful, even arduous, preparation. 

A file of possible field trips with specific instructions about persons to 
contact for permission (address, telephone number), route to follow, trans- 
portation, fees, hours possible, meals available, bousing (for overnight trips), 

JSce F. C. Watson, t/jing Jliuscunu for Genml Seitnee Classes, Bulletin 6, \Vesle)>n 
University Press, Education Center, Columbus. Ohio, (ree. 
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lest rooms, etc., is exceedingly valuable. One such file for the school, or even 
the school system, is better than a separate file for each teacher; by pooling 
our knosvledge and experience, we can eliminate much of the drudgery. 

Preparation for the field trip. Almost any kind of field trip requires prepa- 
ration like the follosving (plus careful planning of the subject of the trip): 

1. Obtaining permissions: principal or superintendent, parents, land- 
owner or director of museum, industry, etc. 

2. Note to parents: purpose of trip, time of leaving and return, place, cost 
(if any), equipment and clothing recommended, kind of transportation. 

3. Planning with assistant leaders: guides, managers, parents, student 
helpers, briefed as to age and interest level of group, goals of teacher. 

4. Safety: first-aid kit checked (assorted bandages, roll of gauze, adhesive 
tape, scissors, antiseptic, naphtha soap, other items depending on nature of 
trip), rules understood by students, forethought given to danger points. 

5. Equipment: notebooks and pencils, other equipment depending on 
nature of trip, if collecting trip, containers, newspaper, trowels, vasculums, 
knives, nets, guides and keys, field glasses, cameras, etc., classroom set up in 
advance to accommodate whatever may be brought back. 

6. Transportation arranged and permission obtained. 

7. Lunch: individual or group; preparing and clean up committees. 

8. Alternate program in case of rain or other cause of cancellation. 

9. Follow-up: reports, discussion, conclusions, new aniviiies. 

One approach to a field trip to study plant life. There are many ways to 
itudy plants in the field: the teacher may conduct a guided tour; students may 
he taught the use of the key in the lesson before, and taken out to practice 
what they have learned; students may simply collect specimens on a field trip, 
and bring them back to the classroom to identify them. Or perhaps the follow- 
ing approach may be useful. 

On a field trip to a pond area students began to ask, perhaps idly, "What 
kind of tree is that?” The teacher suggested that they identify it as follows: 

1. Give each type of tree a number instead ol a name. 

2. Note the characteristics of each type of tree, particularly those which set 
it off from the others. (For instance, the lobed leaves, opposite branching, and 
winged fruits of the sugar maple were listed as identifying “Tree No. 1.”) 

3. Take a "practical examination” (this required them to associate the 
numbers with, thie ieis of characteristics). 

Studenu thus learned the characteristics of the different trees by numben; 
they did not have the obstacle of learning scientific names at the beginning. 

'VTiile the students were eating lunch after this activity, the teacher placed 
labels on the numbered trees, giving their common and scientific names. Some- 
hovv this procedure excited the students, so that they spent special effort in 
associating the name with the characteristics they had previously learned. 



One epprooeh to a field trip in ostronomy. Two major types of astronomy 
held inps come lo nund. one for field obsen-ations, the other to an observatory 
or planetarium Let us explore a trip for observations. 

When: probably best taken in the autumn when the evenings are still 
warm but the sun sets early. A moonless night, perhaps about seven p.m., 
when ihc sk) is nearly as dark as it will be, would be the best time to arrive. 

llhete' any convenient place, relatively away from street lights and auto 
lights, with a fairly clear borbon (the local football field or a hilltop farm), 
as near at hand as practical: long drives take time and may result in “lost 
lais’’ Arrange in advance for permission to use the property chosen. 

Transportation: on foot if possible. Possibly by school bus, otherwise by 
automobile. In any case, get signed permission slips from parents. Check drivers 
for liability insurance, as well as driving skiiL Provide each driver with written 
instructions of route, including a map. Proceed in a convoy if possible. 

JV/io: preferably all students in the class plus others who may be inter- 
ested; parents, both as drivers, and because they may be interested (good 
“public relations"), amateurs ivho may bring telescopes and othenvise help 
with the group. 

Why: to obtain firsthand answers to tjuestions important to the students. 

Special equipment; flashlights, star maps, warm clothes, telescopes (if avail- 
able by loan or with owner), binoculars, one or two cameras for pictures of 
constellations and star trails (loaded with the “fastest” film, like Tri-X). 

Possible observations: A special trip such as that indicated is not necessary 
for observation (projected) of the bright sun or the moon, which can be ob- 
served during the day from the school grounds. Possible observations: 

1. Any bright planets: Venus, Mars, Jupiter, Saturn, Uranus. The last is 
greenish in color, but not readily found; it shows a disk only under quite high 
magnification. Take note of the color, angular diameter, surface markings, 
phase, crescent (if any), annual motion across sky, satellites. 

2. Stars: Star patterns (omit the faint, inconspicuous ones), stability of 
patterns with lime (zodiacal constellations named some 5.000 years ago). Rising 
and setting of star groups, circumpolar motion of Big Dipper and Cassiopeia. 
Set one camera with wide-open lens pointing toward polar zone and take one- 
hour time exposure. Also fake short exposures of one minute of polar region 
and of other interesting star groups (Nonhertt Cross in Cygnus, Lyra, Cas- 
siopeia). Star colors (relation lo surface icniperature). Star brightnesses. Loca- 
tion of naked-eye variable stars (Algol, hfira. Delta Cephei). Note the band of 
the Milky Way. In October, the "summer Milky Way,” including Cygnus, will 
be visible; note great split or rift in Milky Way and faintness of western side 
(due to interstellar dust and gas). With binoculars or telescope, observe faint 
surs not individually visible to the naked eye (meviion Chlileo’s discovery of 
fainter stars). With the aid of a star map or list of interesting objects, locate and 
observe a double star, a star cluster, a gaseous nebula, and possibly a galaxy. 

3. Possibly meteors (shooting stars) and auroral activity 

4. Questions and commenw for further investigation in the classroom. 



each paragraph, summarizing these thoughu in writing, and using the table ol 
concents and index. We found that teaching reading of science ibis way reduced 
the time students needed to do their homework, and raised reading scores on 
an objective test (p 153), The method we described was particularly useful with 
the science shy, but also improved the reading o{ the science prone. 

We have found it useful to give a lesson in which students use their texts 
in class every week or so. The occasion for this may be a lesson planned by the 
class (again we note that "the class” includes the teacher), or planned by the 
teacher who recognizes that students ate not using the text fruitfully. Topics 
which seem suitable for this type of lesson are: 

A fust lesson on the periodic table. 

A lesson on classification. 

Plant and animal breeding. 

Industrial applications of chemistry (metallurgy of iron, Haber process, 
uses of nitrogen compounds, uses of nonmetals, etc.). 

The solar system. 

Predicting weather (including weather maps). 

In using the text in class we have observed several devices particularly 
useful for discovering the poor reader. If the teacher goes from desk to desk 
(assuming, of course, a permissive, nonihreatening atmosphere), students will 
admit their difficulties, which are often easily remedied. Perhaps a student 
doesn’t realize that he can make use of the glossary or a dictionary; perhaps 
he doesn't realize that he should take notes of the major thoughts as he reads, 
perhaps he sticks at certain words and worries about ihem, instead of going on 
and looking them up later. By using the text in this way, of course, the teacher 
helps the students acquire more efficient study habits. 

Toward the end of the lesson, time may be taken to have students read 
aloud their summaries, which may then be criticized. 

In addition, if students have been taught to use the text properly, they can 
very easily review for a test; their summaries should be saved for this purpose. 

To read ahead. By means of the lest desaibed in Chapter 20, students are 
stfniufaced to read ahead. If they do advance reading, even in order to raise 
their grades, at least they have done the reading. It is to be hoped, of course, 
that the teacher will make the work of the class so interesting that the students 
wifi want to read ahead even without the bonus of extra points. 

The text in the laboratory. When a laboratory session is scheduled some 
teachers wheel in a library carl with some reference texts, some college texts, 
some industrial applications, and others such as How To Do an Experiments 
Better yet, have such books continuously at hand, and mention those ol 
special pertinence to the laboratory work. 

S P. Goldstein. Harcourt, Brace, N Y, 1957. 
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Supplementing the text 


II is impossible to find or Kriie one text which fits the entire range of 
ability in a class. In reading abilit} alon^ tesu of more than 4,000 ninth-grade 
students showed scores of 43 (fourth grade) to college Icsel. E\en homogeneous 
classes trill be heterogeneous for some abilits which has bearing on the text 
ihes use. To help all students in the class learn as much as possible, ditersified 
reading materials are essential. The following procedures hate been helpful 
in overcoming the problem of varying ability: 


1. All studeius are provided with one basic text chosen for general cor- 
erage, ability to interest studenu. and accuracy. 

2. .All students are provided with a second text appropriate to their abili 
<ies: the science prone with a college text perhaps, the science shy with an 
easier text, or pamphlets, or texts for slots readers.’ The purpose in providing 
dual texts is obvious: to improve reading level, the student should have not 
only a text on his present reading level, but also at least one above it. If funds 
are not available to provide each child with a second text, a few copies may 
be made available and the students encouraged to use them. 

3. Of coune, a good library is needed to amplify any text For useful 
suggestions for beginning a library, see the volumes accompanying this text, 
as vvell as pa« of The Professional Library, p. 516. W’iihoul a library a basic 
(ext can hardly be expected to meet the varied needs and interests of children. 

One way of pointing studenu to the Ubrary is to have them do. as an 
Usignment, the suggested acciviues at the end ol the chapter of the text; 
these often indicate additional reading and can also lead to project worL 

In addition to books in the library, encourage srudenu to buy their 
A good number of excellent paperbacks are within the price range of 
iDost studenu; some of these are listed in The Professional Library. 

5. In addition to supplementing the text with additional material, the 
teacher will End it necessarv to supplement it with recent news. One of the 
^dtemenu of science is the new developmenu and ideas, which can be cm- 
phasired to the students by attention to news reporu. Have you tried a bul- 
letin board titled “The Current Text"? On it students could post information 
about recent discoveries or articles Irom Sctenlific Amertcan, Science .Vea'J 
and other magazines and newspapers. Or the teacher or students can 
'‘tile summaries of recent advances and mimeograph them. 


We hope that the teacher will have at hand divenified text materials 
appropriate for his ow-n use. Fortunately, the variety of texu available in the 
pnited States is immense. But the text, no matter how readable or thorough, 
is only one of the Lnsmimenu used by the teacher to attain his purposes. 


. ‘Such boots are now available in general sdeiK* and biol^. In wnm-giade general 
a boot with a sevenlh-giade reading » vxd m addition to re^lar lat. 
some general sdenre texts contaio seatons appropnate for mw readers. Pamphlets 
the General Electric -comic booksl can be used a* uarters for the verr slow readers. 
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The report 


Essentially, the report is a short lecture given by a student; if the reporter 
is not skillful, the report can be boring and confusing. If it is not carefully 
prepared in advance, it is not only boring, but also a ivaste of time. Hence it is 
important for the teacher to teach the technique of student reporting. The 
English teacher will probably be delighted to cooperate. 

A few students are skillful in communicating information, but most are 
not. Yet all students need to learn the skill of oral communication of mforroa 
lion; and communicating scientific information requires especial clarity. 

One teacher sve know used the following techniques in teaching reporting: 

First, he discussed with the class the problems of reporting skillfully. 
The students generally agreed that to gne a report the reporter had to plan 
his report and give it in an interesting fashion. Of course, the classmates of 
the reporter would take notes because they were responsible for information 
in the report. The teacher discussed with the class the nature of lesson plan 
tting (as in Chapter 7). A report was planned under the following heads; 
(1) The beginning; (2) The middle; (5) The end. 

The beginning was intended to gain the interest ol the audience; the title 
of the report was woven into the brief beginning. The middle was the body of 
the report; here the information was gnen with illustrations (slides, film- 
strips, demonstrations, models, chans). The end was a summary. All reports 
''■ere open to questions by classmates, ivho were responsible for the information 
wtnmunicated, and the teacher, who could often help make a point clear. 

The practice this teacher followed was that of giving the first report him- 
self. He tried to demonstrate: 

Reference to notes (without reading them). 

Brevity (he limited himself to a slated time-five minutes at the most). 

Simple illustration (he used the chalk-board for simple drawings, demon- 
strating, by the simplicity of his illustration, what most students could do). 

Loudness and clarity of speech. 

die end of his report, the teacher again discussed with the class the fea- 
tures of the reporting technique. 

During the terra e\ ery student had an opportunity to give a report, and in 
tftai way gained confidence and skill. And every now and then the teacher 
reported to the class to afford students an opportunity to discuss the 
t'potting technique, and, in reappraising it, to improve their own method. 
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ii 


The project 


The project is meant to tnditidualire instruction. It fi clearJj' an effort 
to equalize opportunities (once again, equal opportunity does not mean 
identical exposure) so that those v>ho hate special abilities hate the oppor- 
tunities to (tilfill themselves. Every youngster is an individual and the best 
instruction is for the individual need; the project, whether individual or 
group, helps us do this. 

The project approach was discussed in part in Chapters 3 and 9. But 
here ve want to deal with h as a tool for the special care of the individual, 
giited or not. In our experience, this is one of the best svays not only to stimu- 
late interest in science, but to help young people growi and gain status. 

Sponsors for project work. Project work takes the time of interested people. 
^Vho sponsors it? 

1. Interested teachers who are willing to give time to students before, 
during, or after school hours. 

2. Interested parents with special training-engineers, doctors, or tech- 
nicians of all sorts, 

S. Scientists in the local indusuies. 

4. Scientists in the local university. 

5. Scientists, or teachers, who advise students by correspondence. (One of 
our students corresponded with a scientist on the H’est Coast, and completed 
a project in a field in which we had little skill or information.) 

6. Any responsible person, w/th (ime and ability. 

In one city, three schools banded their facilities and sponsors. 

Sources of project work. Since the project should have a bit of originality 
about it, many teachers feel they should not attempt the work unless they have 
special training. Of course, as one does project work, one develops skill in 
aiding youngsters break through the thin walls ot their tiny sphere of the 
unknown— their project. There are many ways to get suggestions for projects; 
some of them are: 

1. Your colleagues. 

2. Readings in the Scientific American, Science News Letter, The Science 
Teacher, The American Biology Teacher, The Quarterly Review of Biology. 
The Joximal of Chemical Education, Physics Today, Science IVorld, Popular 
Science, and many others. Does your bbrary get these journals? 
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3. In chemical, biological, phjsics abstracts are regular reports-abstracts 
of papers-by scientists. \\’hen students leaf through these the> get ideas for 
projecu. They may correspond s»ith the scientist who is the author of the 
“project" report, the abstract of hu research. We hate found scientists in 
industt)- and in the unhersity generally gracious in corresponding with stu- 
dents who ask reasonable questions.* In mans instances this has helped a 
student decide for a career in science. 

4. Future Scientists of America, Science Sersice (Westinghouse National 
Science Talent Search),* and other organizations hate helpful publications, as 
listed on pp. 526-30. 

Space for project work. Often projects are not done for lack of space. A 
comer in the laboratory, the demonstration table in the preparation room or 
m the classroom, a cellar in the house of one of the students, a table in a 
garage— anywhere tvhere the facilities needed are present will do. In one com- 
munity, the Parents' Club donated the funds for the equipment; in another 
community, the students worked in the fire house, in another, they worked in 
one of the town garages In still another community, the high school had excel- 
lent facilities, but the local college furnished additional facilities. 

How does the teacher help a student do a project? Originally sve had 
Mitten a rather lengthy section. How To Do a Project. This was before Philip 
Goldstein’s book. How To Do an Exptnment,^ became asailable. This book 
5* so complete, so useful that we recommend it without resen ation. A student 
"ho refen to it can begin a project, and sviih the aid (over the rough spots, 
such as purchasing equipment) and blessing of his teacher and other sponsors, 
complete his project or experiment. 

t In (he nanie of good public relations, male clear lo sour studenu that they should 

WTue asking for “all ine information about turtles, comets, nclotrons, eic"l Such 
letters cannot be anstiered either eflectivel) or poliielv Specihc questions based on thought 
»nd reading will produce helpful replies. 

• Hate 50U seen the publication of Science Qubs o( America, Science Smice, Thouiandi 
«; Sdence Projects} 

*Harcourt, Brace, N. Y, 1957. 
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Science clubs 


and science fairs 


The science club 

A science club is noi .1 iie\v idea The Royal Society of England was an 
eariy "club " for purposes ol scholarship In a scry small way, our science clubs 
are “royal societies” of tbtir own, those who join these clubs are on the royal 
road to Icarning-doiiig more work, learning more, and willing to spend time 
to do so. A sciemc club consisu of a group ot students so interested in science 
that they group thcuisehcs (to sersc their interest, perhaps) beyond the regu 
lar class time, usualK a teacher 1$ the focus, csen the reason, why the students 
bate the interest they do. 

In our expeuenic, and from our talks with principals and departmental 
chairmen, clubs seem to center around an inspiring teacher; poor teachen do 
not have clubs Since panicipaiicm in a science club fs a free choice, students 
must have considerable freedom to operate their ovvn club. A dominating 
or restricting sponsor will attract lew club members. The clubs varied their 
activities from the general, such as "The Science Chib" to the special, such 
as "The Gcnei.civts One school had fourteen science clubs. Another had one, 
with twelve divisions from the "Camera Group" to the ‘‘Fossil Hunters. 

How IS a club organized^ What does a club activity involve? 

Fortiin itcU, a goin! deal ot help is available; one ot the best sources is the 
Science Club Sponsoi's Handbook.* 


The science fair 


Science clubs often lead to science fairs, where students exhibit their 
work Some schools have their own fairs, other schools group to liave city fairs, 
cities and towns group to have county (airs; county fairs group to have state 
fairs; state fain group to have national science (airs. 

How docs one organize a Kience lair? How does one gain entry into exist- 
ing fairs? What are the standards of a good exhibit? Here, again, a good deal 
of help is available. Information may be obtained from Science Service, from 
A Manual for Science Fairs,* and from the organizations listed and describe 
in The Resource File, p. 525. 


JSotnee Service. !719 N Si., NW, XVadungtoa 6. D. C 

Educational Secinm, Amencan Museum of Alomie Energy. 
, Oak Ridge, Tenn. 
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Tools for the science teacher 


Student laboratory squads 


All teachers of science have a heavy schedule; not only do they teach a 
normal number of classes (as do their colleagues in English), but also they 
need to prepare and repair equipment, and prepare for demonstrations and 
laboratories. Many of the routine chores necessary in preparing the next day’s 
lesson can be accomplished through student assistance; that is, by organizing 
3 student laboratory squad. 

Some of the tasks a laboratory squad can lake upon itself are offered 
below as examples: 


1. Show films and filmstrips (where teachers call for such help). 

2. Clean equipment (microscopes, balances). 

3. Maintain animals (rats, frogs, fruit flies). 

4. Prepare, catalogue, and store charts. 

5. Check imentoiies of chemicals. 

6. Collect materials necessary for study (frog’s eggs, cocoons, seeds, rocks, 
discarded radio parts). 

7. Build equipment of various kinds (germinating boxes, pinhole cameras). 


Although no one plan can be tailored for all schools— tor each school is 
more or less unique, with sarying specializations and divisions of labor— the 
following flexible plan may serve as a pattern. The procedures suggested 
here apply to the larger schooU where there may be several classrooms and 
one or more laboratory rooms for science, and so not all the suggestions tvill 
apply to the smaller schools. Yet every teacher will find some that can be 
adapted to his own situation. 

An individual teacher may send out a call for volunteers. In a large 
department, a more cohesive or^nizalion can be evolved if all the teachers in 
it work together. Since students must work under a teacher’s supervision, 
"working time" for students and teachers may be before school, alter school, 
OT better, during students’ free periods throughout the day. The method used 
will depend on which blocks of time can be coordinated with the teacher’s 
lime allowance. 

Filling orders. Under the guidance of a single teacher or a laboratory 
aMistant.t students can be trained to prepare the materials teaclien have 


“'01. and help nudents cany on projects. Tbej are ectre 1 
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requested for the day. One plan which works successfully in large schools is to 
base teachers list all the specific materials they want twenty-four hours in ad- 
\ance, perhaps on an order blank like the one shown above, and deposit the lists 
in a box reserved for them. Two students might be given the responsibility to 
read through these order slips and inform teachers of conflicts (two teachers 
want the same teaching materials) so that the teachers involved may either 
share materials or resolve their needs in some other fashion. Tluii, where 
necessary, the teacher is given time to plan for other activities in advance 
of class. 

Delivering supplies. Student laboratory assistants are trained to find 
the materials in the laboratory. This presupposes an orderly arrangement of 
the laboratory, with drawers, shelves, and cabinets clearly labeled to identify 
their contents. Small orders may be stacked on a tray; large orders involving 
glassware, chemicals, microscopes, and the like, may be stacked on a cart which 
can be wheeled to classrooms. Materials sboultl be distributed to the class- 
rooms and returned to the laboratory by students when there is no traffic 
in the corridors. This is an imperatiit saftty regulalion. (Other safely regula- 
tions are the same as those for ail students in the laboratory: ' in addition, 
dangerous chemicals, such as bottles o! adds, and stacked Petri dishes, sliould 
be placed within a larger battery jar or box to avoid spilling or smashing in 
transit.) 

Cleaning up. When materials are ready lor return to the laboratory, they 
should be replaced immediately in their storage locations. Some teachers 

a For one set of sifety inscrucifons, ice the coinpanion volume, 4 Souretbook lor the 
Biological Saences. 
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find it convenient to store materials in boxes organized by unit or problem 
area. However, this often immobilizes pieces of equipment. Part of the labora- 
tory squad should wash up glassware used the previous period, while other 
students on the squad distribute the materials to the classrooms for that 
period. 

In smaller schools, the student assistants may be responsible for getting, 
from the storeroom, materials teachers list as required, so that they are imme- 
diately available either at each student’s work table or in an assigned place in 
the room. They can also be given responsibility for cleaning up after the 
laboratory period or at a lime convenient to both teacher and student. 

In addition. Some students on the laboratory squad work well with their 
hands. Those with manipulative skills may be stimulated to devise wall racks 
for magazines or for glassware and storage racks for charts, among other 
laboratory needs. Students with artistic talent can prepare chans drawn on 
window shades or muslin sheeting, or drawings on glass slides for projection. 
Models can be made in clay or papier-mache.’ 

During lulls in the laboratory work (dependent on the size of the squad), 
there may be time for those youngsten with deep interest in science to make 
explorations, to try out demonstrations, to perfect skill in the use of the 
microscope and other tools, and to read widely 

A typist in the group can be given responsibility for sending requests for 
free materials, ordering films for the next terms use in the classrooms, and 
making neat labels for exhibits. 

Although students vary in their abilities and are thereby assigned appro- 
priate and specific responsibilities in the laboratory, it is important that there 
be mutual cooperation. Everyone should ‘‘pitch in” when needed. There should 
be a rotation in the routine chores, if only to mainuin esprit de corps. 

Continuity of the squad. Since lime and training accompany the molding 
of a responsible squad so that it becomes a cooperatively functioning unit, 
there arises the problem of replacements. There is always some turnover from 
year to year. However, many students do continue to work on a laboratory 
squad until they are ready to graduate from high school. One solution to the 
ptoblem is that an experienced laboratory worker, during his last term on the 
squad, may be able to assume responsibility for training a novice from a lower 
term, possibly a freshman. By this method a laboratory squad always has some 
experienced students in its ranks and thus, in a sense, is self maintaining in 
membership. 

In return. The prestige and camaraderie afforded by membership on a 
laboratory squad which has high standards of work will draw youngsters of 
many talents and many motivations. Some youngsters may be interested mainly 
'n the sociability developed; this, too, is healthy and a necessary aspect of 
^tfolescent life. A wise teacher can be firm yet kind in demanding fulfillment 

responsibilities. 

the accompanying ^olume. A Sourerbook for the Biolopcal Sciencei. 
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Those few youngsters who seem to lack any special talent or those who 
seem to forget ’ responsibilities quickly, but who say they arc interested in 
science (it may be no more than the fascination of sparkling glassware), can 
be assigned more mundane chores, such as dusting, straightening up, washing 
glasssvaie, or assisting m taking imentory. They ha\c cxpressetl a desire to 

V ork on the squad, let them satisfy that desire. High grades in science should 
not be the criterion for selecting students for work on a stjiiad. Furthermore, 
such assistance should not be counted tosvards grades, although the experience 

V ill show on tests and reports. 

In many instances, the svork on the laboratory squad gives young people 
an opportunity to dcselop interests svhich lead to a future vocation or avoca- 
tion. Or they may develop friendships. Or they may develop a sense of service, 
of citizenship, of giving, if \ou will. This last, some teachers think, is the most 
important contribution of the laboratory squad to its members, and of its 
members to the school. 
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Tools for the science teacher 

The bulletin board 
and the exhibit case 

The bulletin board 

Throughout the country, school bulletin boards are used as follows: 

For notices. Notices of new books, articles in magazines and journals, 
scholarship examinations, fairs and exhibits, club meetings, and so forth. 

Current events. A recent bulletin board exhibit had newspaper accounts 
of the latest earth satellite with photographs. In addition, students had des el- 
oped their own short history of the dexeloproent of rockets and sateliites. 
There was also a section entitled "For Further Developments " 

Problem of the week. Once a week a committee of students posted a prob- 
lem in physics, in chemistry, in biology. Students were free to answer it. At the 
end of the week, the answer was posted for comparison. 

Special bulletin boards. In one school, one wall in the laboratory was 
giten over to a series of small bulletin boards, each designed for one club. 
Notices of meetings, topics for discussion, lists of members, and notices of visit- 
ing speakers were posted. In another school, with a weather station, one bulletin 
Iwaid called "The Weather Vane” was a popular stopping place for students, 
who compared forecasts of student weathermen with professional ones. 

These are but a few examples of the use of bulletin boards as teaching 
tools. Frequent changes in the materials posted and attractive arrangements 
*rc essential. Interesting bulletin boards will attract attention, and extend 
science into the life of the school. 

The exhibit case 

The floor plans on p. 509 show exhibit cases. These cases are exceedingly 
osetul for, among other things: 

Exhibits of materials related to the topic at hand: examples of inverte- 
kraies (study of classifleation), minerals and rocks (study of geology), etc 
Exhibits of projects: indiv-idual or group. 

Exhibits of books and printed materials: by librarian or teachen. 

Exhibits of laboratory set-up for the day (if it is to be complex). 

'Ve have found that studenU like to set up exhibits. They introduce 
"O'elty and frequent change to attract attention. Learning is thus stimulated 
outside the classroom, and is reflected in work in the classroom as well. 
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Tools for the science teocher 

Science facilities, 

with directory of suppliers 



Sooner or latir a »ca» Ivr lus ihe opportunity to help design a new bbori 
tory, refurnisli <t ii.otiif' ihe one he is ssoiLing in. or cscn draw up pbns 
for a whole new biiiUiir^ int hiding scienre cl.-issrooiiis and laboratories. IJealt) 
a science room ^!lo^llll fn a lejfher's personal leacliitig insention. But since 
he is not the oiilv te.ulicr who will use the room, it must be so conirisrd as w 
meet the need, of all Where tan a teacher find help? 

There is no de.irth ol help. Ihii like teaching itself, the facilities fof 
science teaching are )K-tsonat imcniions. Hence, one examines ail the ^lal^ 
rial asailaWe and makw a selection suite,! lo the teacher, the school, the com 
munit). and above all the youngsters l>eing tatight. It is useful to visit dif 
ferent schools and seek the advice of iliei'f ex}>crts. Science erjuipment com- 
panies (see list on p. 5U) vsIH often f„„iish consultants. In addition, there are 
several very useful references: 


’ M f/igl. School. Fducational Admims 

lohnLn 2. W.mlU.Wevs. Stanford. Cal. IWI. . , 

Sfiaisnon. Sc.ence Foe, I, tin for Tetffl>-| Hisf> 
lohnvo? P r/ Instruction. .North Carolina. 

menulj f®' Sc/ioob, No 17 , Superintendent of Den* 

School Foc^,t,>, iy<T>t\nK Office. Wavhingtots W. D. C.. 1952- , . 

Teachers Viiv l-uniriicm, e«l. by |. S. Ritharvl»n. National Science 

Teacher. Asvic.auon. 1201 16 St . N.W. U^/hington 6. I). C.. 19H. 

guid^wT/epr^u- Schooh. a brief but very useful 
‘ * r<prcsentaiive pan. with tlltistrations. 

a scp'^'ir'a'te'buildmf '"Z,« 
which foiiiaim ,'*"'*7 ■>« pan of a larger building. .\l the tenter is a cok 
T he aeveraU^"^* Rxv. eif.iriciiv. 

tabincti work toi.n!"’ nparatei! from eath other by partiiinii, made of iiorage 
tnent are spaced aC[a“?'“’ *"** ’"'1 Tto 

utilities to fun from iS.. •" *® pmvislc a ■•chase" or ‘halt f 

and 4 are cross seciio * work csMinten and sink units. Sections 1. — *• 

rerspective 1 ih^"* ‘hawing the ~ehascs" tieiween units of equipment 

a sdence^^m anj a » wnh °I furniture l«a.ed between 

lower section The unTJJ*’**** '"‘'1 has storage cabinets m ‘ 

picture screen for vi,^i ’*\**°'’ •“» thalk-lioard,. which m.vy slide and uncover 
when suth an item spate might be used for a telev ision screen 

available for Khool use. In addition ihe sliding chalk- 
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Clgssrooms (32 »ati. 16 pupil tables, 
mevoble) 

B Preporofion and supply room 

C Demonrtrotion table with sink 

^ Teacher's desk and their 

B Vertieol, legal-site letter file 

P Shode-type beaded screen 

G Blackboard (cork board over) 

I* Closet for opperatut 

J Museum specimen exhibit case 

J Closet for general supplies, etc. 

I' Pupils' clothing wardrobe 

^ Teacher's clolhes locker 

JJ Hall display cork boards 

H Holl display case with sliding doors 
Mimeograph machine and table 


P Potting bench with storage cabinets 
Q Preparation table with peg board over 
sink 

ft Bin for storage of glass tubing 
S Shelves (bulletin boards ever in class- 
rooms) 

T Shop workbench with tool storage locker 

U Strong sole for projectors, microscopes, 

V Asbestos blanket 

W Windows with double shodes, radiators 

under 

X Convenient outlets (or 110 v. AC 

Y CO. fire extinguisher 

Z Truck (or Ironsporfotion of apparatus 


of a small double-tiered cart (such as is used in the cafeteria to carry dishes). 
On it were 15 spirit lamps, 15 svash bottles, and 15 empty jars or fruit juice 
rans for waste. Thus heat, water, and sink svere made available: this was ade- 


luate for the vast majority of experiments done in general science. 

Or )ou may want to develop }our owti movable laboratory table. Dr. 
Newton Sprague. Science Supervisor in the Indianapolis Schools, has devel- 
oped such a table and provided us with a photc^aph and drawing of it (p. 
Plans for its construction and for its equipment may be obtained from 

him. 


Or jou may want to develop )our own laboratorj’ for general science. 
J'oie that the laboratory classroom to be described could be used with splendid 
advanuge for any kind of science teaching. The laboratory was developed 
a committee of teachers of the Minneapolis Public Schools, with the guid- 
ance of Dr. J. Hervey Shutts, Supervisor of Sdcnce. The following description 
prepared by this committee and graciously made available to us by Dr. 
Shutts; 
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In ihe course ot planning the Nonheasi junior High School science suite, a 
teacher-planning committee drew ap a statement of proposed objectives and lay- 
out which they considered optimuni. The rooms which were designed to these 
specifications are shovvn in the accompanying plan. The numbers on the plan refer 
to those on the equipment list. .An cxplanauon of the diagram follows. The general 
route of the survey is clockwise around the room beginning with display cabinet 
numbered one. 

1. The upper portion is a display cabinet for student projects. The lower 
portion of this cabinet area is a storage unit containing a safetv shui-ofT valve for 

2. A series of six cabinets, three above and three below, accommodates col- 
lection and return of students’ papers, notebooks, and projects. Each of the six 
cabinets contains thirty-six removable shelves. 

3. The wall cases in this pan of the room are divided into four sections 



sciraa rAOimt!, wm OKiaort or 5u,ni!U >ii 




The upper part of the first section, tihich is nearest the front door, contains the 
room clock and public address speaker complete with mechanisms, and the lower 
part is an open shelf useful for a bookcase or placement of semipermanent equip- 
ment. The second and third sections of ibis wall case are cabinets having glass 
doors for display of small projects mainly of interest to science classes. The fourth 
section is a blind storage cabinet 

4 The student Viotk bench has an alberene stone sink at the right end 
Underneath the formica surface are stoiagc cabinets svith hinged doors. Just below 
the top and above the cabinet doors is an inset shelf area where gas jets and elec- 
trical outlets are mounted Other areas labelled “4’' do not have recessed gas and 
electrical outlets. 

5. This is a full length blind storage cabinet. 

6 The full length cabinet is for teacher's personal belongings. 

7. The full length blind cabinet is for equipment storage. 

8. Tills 15 a conference table, topped with a carboniied wood finish. 

9. This mobife table iransporu and temporarily stores aucfi'o-vi'sual equip- 
ment 

10. These tables (36* high) are finished with a carboniied wood surface. If 
the tops are subjected to hard usage, it is recommended that they be covered with 
a tougher and more resistant surface, such as fonnica. Each table has three adjust 
able stools for use at the table. Work table No 10 in the plant room is of very 
rigid construction with sheet metal top. On this cable students mix and condition 
potting soils One half of the uble has a shelf underneath for plant pots, while the 
other half is left open so that mobile bins containing soil. sand, and fertilizer may 
be stored there. 

1 1 This laminated hardwood work bench is fitted with vises and blind cabinet 
storage beneath; gas jets and elecirical outlets are recessed under the bench over- 
hang 

12 Three foam fire extinguishers hung from brackets are placed in different 
parts of the room to conform with fire ordinances 

13. This pariiculae desk is mainly used by the teacher for preparation and 
office work. 

14 This is a standard file cabinet lor storing testa, anecdotal records, cor- 
respondence, curriculum guides, etc. 

15 The jumbo file cabinet stores such items as clippings and posters 

16 Formica covers the surface of this work area The grill work for the en- 
trance of the forced-air heat and ventilation is in the surface near the windows. 
The area under this shelf contains recessed gas and electrical outlets. This is not 
(rue of shelf No. 16 in the conference room and plant room The space under the 
work area is blind cabinet storage. 

17. These portions under the workshclC area (No 16) are open book shelves 
The shelves in the conference room are for the teacher's personal reference books 
The book shelves in the science room proper are for reference sets and othei 
supplementary materials 

18. The student desks have tubular steel frames with laminated maple fixed 
tops (18" X 24") and metal bool shelves four and one-half inches below the tops 
These may be placed back to back to make desirable committee or laboratory 
tables The student chairs have tubular steel frames with laminated wood seats 
and backs. 

19 Two sections of stationary Uckboard are located at either end of the 
chalk board at a height which insures vmbility over the demonstration desk. 

20 The two albetene stone sinks on the side of the room and in the back 
have small dramboard areas on cither side. They are fitted with hot and cold 
water, delivered through mixer faucets. One cold-water faucet is permanently 
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fitted t»ith an air aspirator. Alberene stone was used in the construction o{ the 
sinks to make them easy to clean. The drain pipes and trap are made of Duriron, 
which is especially resistant to chemical aaion 

21. The lower edge of the chalkboard is located forty two inches abose the 
floor so that the entire area may be seen oser the demonstration desk. 

22. A screen on a spring roller in a dust shield is mounted on the ceiling Just 
in front of the chalk-board. 

23. The four-wheel cart is the same height and width as the demonstration 
desk; only two of the wheels swiiel and can be locked m place The cart, closed 
on three sides and open on the fourth, enables the teacher to transport heasy 
equipment, to prepare demonstrations previous to use in classes, and to extend the 
size of the demonstration desk. 

The cart in (he animal room is quite different from the one in the science 
room proper. This alberenc stone topped, mobile table is for transportation of 
animal cages. Its two drawers store small tools and supplies needed for animal care 

2-1. A series of four adjustable floodlights, raoumed on the ceiling, may be 
centered o\er any part of the demonstration desk, thus allos»ing the teacher to 
make objects easily sisible to students 

2a. This hook and ring, welded to one of the mam steel I beam supports of 
the ceiling and centered oser the demonstration desk, is useful in pendulum and 
pulley demonstrations. 

26. The demonstration desk has an albereoe stone top fitted with two im- 
bedded steel support rod inserts Gas and electrical outlets arc placed under the 
oserhang of the top of the teacher's side Underneath the desk tops are two cabi- 
nets for blind storage on either side of a tier of four drawers. The height of the 
demonstration desk is forty two inches. 

27. The refrigerator in the animal room is useful for storage of animal food 
and specimens for dissection. 

28. The open shelves in the plant and animal rooms store animal cages and 
potted plants. 

29. This mobile aquaria table with stainless steel top holds six six-gallon 
iquaria and can be used to store or transport aquaria from room to room. 

30. The plant bench, constructed from wide angle iron and short rot resistant 
cypress boards, is similar to the type used in modern greenhouses. 

In addition to the foregoing explanations of equipment, there are a few other 
tonstruciion details which perhaps need clarifsing. 

All shelies in cabineu 3. 4. 5, 6. 7. and 26 ate adjustable. 

The floors of the science room proper are concrete covered with asphalt 
»‘le- . . . The floors of the plant and animal rooms are sealed and sloped con- 
aeie, with floor drains at the lowest level This arrangement makes cleaning 
easier. 

The ceiling lights of the science room proper are controlled by three switches 
ttear the front door. In addition, die middle section of lights may be controlled 
•»y a sviitch near the back door and on the front end of work bench No II. This 
facilitates the convenient operation of the liglils by llie teacher and/or a visual 
pnijenionist. The light in the conference room and the committee and listening 

room is controlled by a separate switch. 

There are electrical outlets approximately every eight feet throughout the 
tfassrooms. In the animal room and plantroom, they are in the wall over the work 
area. 


The room telephone is mounted near the front door. 

Ventibtion in the committee and luiening room, plant room, and animal 
is supplemented by separate fan systtinv. TTie plant room and the animal 
room also have fresh air vents that open to the roed. 
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Venetian blinds are inadequate for daiiening the room for audio visual pro- 
jection Sets of opaque shades on all windows arc necessary- 

The panitions separating the committee and listening room and the confer- 
ence room from tlie science room proper are transparent glass from three to seven 
feet high A similar glass section b included in the partition between the plant 
and the animal rooms It opaque shades are provided bettseen the committee and 
li'iening room and the science room proper, and if one pf these shades has a flat 
white finish toward the conference room, pictures may be projected on it. 

Skylights with adjustable shades placed in tlie ceilings of tfte plant and animal 
rooms afford natural light 

All ceilings are acoustically treated. In future plans, insulation to sound 
transfer should be provided under wotl. benches No. If to prevent passage of 
work noises to room on lower floors. 

A roof area easily accessible by convenient stairway is provided for weather 
and star observations. 

The two doors in the science room conform to CKisting safety and fire 
standards. 

Renovation. Very likely you would like lo have orte or more features of 
these classrooms in your own, but your room is built and will be used for 
years to come. Yet renovations arc continually being made, and some of these 
features can be written into the Khcdule of alterations. Others could be pro- 
vided by modest purchases or by local construction; in several schools studenu 
have made mobile equipment carts and portable "laboratories” with heat, 
water, and electrical outlets for use in rooms not so equipped. 

If the school board is not able to finance some of the modest changes you 
wish, do not forget the Parent-Teachers Association, local service clubs, and 
local industries as possible sources of small funds for specific purposes. 


Directory of suppliers 

Standard equipment, such as chemicab. glassware, charts, models, micro- 
scopes, slides, stains, living and preserved materials may be purchased from 
the supply houses suggested In this list. Their caulogues will be useful. 

Aloe Scientific, Division of A S Aloe Co . 5655 Kingsbury Ave.. St Louis 12. Mo.; 
also Atlanta. Kansas City (klo), Los Angeles. Minneapolis. New Orleans. San 
FraneiKO, and Washington, D. C. 

American Hospital Supply Corp. 40 05 168 St.. Flushing. N. Y ; or 2020 Ridge 
Ave.. Evanston, 111. (blood typing serums) 

American Optical Co , Bullalo 15, N. Y. 

Baltimore Biological Laboratory. Inc., 1640 Goisuch Ave . Baltimore 18. Md. 
Bausch and Lorob Optical Co , 635 St. Paul St , Rochester, N. Y 
Biddle 1 Co , 1316 Arch Si , Philadelphia 7, Pa. (laboratory supplies) 

Biological Research Products Co , 3829 S Morgan St . Chicago 9, 111. 

Cambosco Scientific Co . 37 Antwerp St , Brighton 35. Mass. 

Carolina Biological Supply Co. Elon College. N C. 

Central Scientific Co, 1700 \V. Irving Park Road. Chicago 13. 111. 

Certified Blood Donor Service, 146-16 Hillside Ave, Jamaica 35, N. Y. (blood- 
typing serums) 
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The professional library 


There are many fine booVs which should he in a school library, or in ihe 
science teacher’s library. A library, of course, is never complete; useful books 
are constantly being written: discoveries in science and in science education arc 
constantly being made. 

AVc could not begin to list the books available; neither would vsc want 
to prescribe a list of titles. What wc sltall do is to indicate vvherc a teacher 
should look as he goes about buildinga ictence and science education library. 

1. Consult with librarians in your school and others nearby, as vvcH as in 
public libraries. They can tell you which hooks are consulted most often, 
which are most useful, and which arc rarely used. Vou might also asl a 
librarian to check lists of books that you prep.rre from other sources. 

2. The catalogues of the different publishing houses yield not only 
titles of books and oibcr publications, hut usually thumbnail descriptions. 

S. A nearby college or university will probably have a library which may 
be a template for the one you wish to develop. 

4. Any book or journal on the subject will give references; one book leads 
to the next. 

5. You may want to ask senion in a science club or a science project group 
to look through available textbooks (both high school and college), teachers’ 
manuals, journals, and compile a list of suggested hooks for the library. 

6. Your Tarent-Teachers Association may Iiavc a library committee to 
help do the same thing. 

7. The two volumes accompanying this one contain bibliographies. 

8. There are .ilso the books of the Traveling High School Science Library. 
Information may be obtained from: lligli School ’Traveling Science Library 
Program, American Association for the Advancement of Science, 1515 Massa- 
chusetts Ave , N.W., Washington 5, D. C 

9. We list in this section some basic references on the teaching of science, 
some suggested references on methods and procetltires of teaching science, 
some professional journals (some on science leaching, some on various fields 
of science proper), and finally a listing of pajierback books in science, which 
may find a pface in a professionaf library as well as in a student reading comer. 

In a very short time a full professional library ran be built up in the 
school— a continuing resource for the improvement of science teaching. 
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Some basic references on the teaching of science 

Certain publications have had such strong influence upon the direction of 
science teaching efforts that they should be knosvn to all teachers. Among 
those of the greatest importance are, in historical order. 

189-1 Report of the Commillee of Ten on the Reorganizolian of Secondaiy 
Schools. N. Y.: ^Vorld Book, 1894 

1918 Cflrrfmaf Principles of Secondary Education, Report of Commission on the 
Reorganization of Secondary Education, W'ashington, D. C.: U. S Office 
of Education Bulletin 33. 1918. 

1920 Reorganization of Science tn Secondary Schools, Washington, D C.: U. S, 
Office of Education Bulletin 26. 1920 

1932 National Society for the Stud) of Education. Thtrly First Yearbook, Part I, 
Program for Teaching Science, Chicago U. of Chicago Press, 1932 

1938 Progresshc Education Assoaation, Science in General Education, N. Y.: 
D. Appleion-Century Co., 1938. 

1942 Croxton, \V. C. Redirecting Science Teaching «it the Light of Personal 
Social Needs, Washington, D. C National Education Association, 1942. 

1944 Educational Policies Commission. Education for ALL American Youth, 
Washington. D. C.: National Education Associatwin. 1944 

1947 National Society for the Study of Education, Forty Sixth Yearbook, Part 1, 
Science Education in /fmencan Sf/iooh, Chicago U of Chicago Press, 1947 

1933 "Science in Secondary Schools Todas.' .Votionaf diiociafion of Secondary- 
School Pnnci^afr Bulletin, Vol. 37, No. 191, Jan. 1953. 


Some suggested references on methods 
and procedures in teaching high school science 


Blough, C., and M. Campbell, Making and Using Classroom Science Materials, N. Y.: 
^ Dryden. 1954, 

R. ^v., Teaching Science in the Secondary School. N Y : Rinehart. 1957. 
pder. A., Demonstrations and Experiments in General Chemistry, N. Y : Harper, 1937 
foiiles, C , Lecture Experiments in Chemistry, N. Y.: Blakiston (McGrat»-Hill). 1948. 
"'ia. E., E. Obourn, and C. Hoflman. Modern Science Teaching, N Y.i Macmillan. 
1950. 

A, Secondary Science Teaching, res. ed . N. Y.. Blakiston (McGraw-Hill). 1950. 
J«sild. A. T., and R. T. Tasch, Children’s Interests and What They Suggest for Educa- 
tion. K V. n..,. D..s.i:~..:.^.,. -r-^.-h.rc rv>IIn>r. Cnlunibia U.. 1949. 


•'hller. D.. and G. Blaydes, Methods and Maienals for Teaching Biological Sciences, 
N. Y.: McGraw-Hill, 1938. , , „ 

Richirdson, J., Science Teaching in Secondary Schools, Engleuood Cliffs. N. J.: Pren- 

'■« Hall, 1957. 

■ and C. Cahoon, Methods and Materials for Teaching General and Physical 
Science. N. Y.: McGraw-Hill, 1951. 

Clubs of America, Sponsors’ Handbook: Thousands of Science Pro, eels, Saence 
S«f'ice. 1719 N St., N.5\’.. Washington 6. D.C. .„.a 

K.. Demonstration Experiments in Physics. N. Y.: McGraw-Hill, 1938. 

v')Vff-*^-'4//er.dinncrSfience.N.Y.:McCra*-Hilt.l952. , , - 

"risbruch, F.. Lecture Demonstration Experiments for High School C/iem«try, St 
Educational Pub., 1951. 

H , Secondary Science Education, N. Y.: McCraw Hill, 19o-. 
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Some journals and magazines of inlerest to science teachers 


American Biology Teacher 
Interstate Press 

19 North Jackson St 
Danville, 111. 

75/year 

American Journaf of Physics 

American Institute of Physics 
335 East 45 St 
New York 17. N Y. 

?7 50/year 

Chemical and Engineering News 
American Chemical Soaety 
1155 16 St, N.W 
Washington 6, D C 
$6 00/year 

Journal of Chemical Education 

20 and Northampton Sts 
Easton, Pa. 

S3 50/year 

Mathematics Teacher 

National Council of Teachers 
of Mathematics 
1201 16 St, N.W, 

Washington 6, D C, 

S3 00/year 

Natural History Magazine 

American Museum of Natural History 
79 St and Central Park West 
New York 24, N. Y. 

$5.00/year 

School Science and Mathematics 
Box 409 
Oak Park, 111. 

J4 50/year 

School Science fJeMeiu 

S IV. Read, 3l Grosvenor Road 
Chichester, Sussex, Eng 
£l/year 

Science Counselor 

Duquesne University 
901 Vickroy St. 

Pittsburgh 19, Pa. 

Science Education 
374 Broadway 
Albany, N Y. 

$5 00/year 


Science Service 
1719 N St., N.W. 

Washington 6, D. C 

55 50/year 

Science Teacher 

National Science Teachers Associa 

1201 16 St.. N.W. 

W'ashmgton 6, D. C 

56 00/year regular member 
$10 00/year sustaining member 

Scientific American 
415 Madison Ave. 

New York 17. N. Y. 

55 00/year 

1515 Massachusetts Ave, N.W. 
Washington 5, D. C. 

57A0/yeaT 

Sky and Telescope 

Harvard Observatory 
Cambridge 38, Mass, 

5500/year 

Tutio* News 

General Biological Supply House 
761 East 69 PI 
Chicago 37, III. 

Free 

Weatherwise 

AtacTKan Meteorological Society 
3 Joy St. 

Boston B, Mass. 

5400/year 

IPefcfc Physics and Chemistry Digest 
IVeleh General Science and Biology Digest 
W. M Welch Scientific Company 
1515 N. Sedgwick St. 

Chicago 10, 111. 

Yearbooks of the United States 
Department of Agriculture 
Wadiington, D C. 

Through your congressman. 
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Poperback books in science 


PRICE 

(SLBJECT 


PRliHRlLV CHEXIISTEY 
Alchemy 

Chemical Industry 

Chemistry 

Crucibles 

Xm Chemistry 

Organic Chemistry 

Physical Chemistry 

Metals in the Service of Mart 

PRnURJLY PHYSICS 

.lu/omafif Control 

Atomic Power 

Dialogues Concerning Two New 
Sciences 

Matter and Light 
Physics; First »ar College 
Physics Made Simple 
RMlulion in Physics 

0 / the New Physics (2 soU.) 
Sfi>n« of Flight 
OttrFnend the Atom 
Optics 


ALTIiOR chance) 

Kolnisjrd .85 

Willums .50 

Hutton .85 

Jalfc .35 

Scientific American 1.00 

Degcnng el al. 1.75 

kimies 1 50 

Street .85 


Scientific .Araeruan 1 00 

Scientific .\mcrican 1 00 

Galileo 1 65 

de Broglie I 75 

Bennett 1-25 

Freeman 1 00 

de Broglie J 63 

D \bto S-90 

Sutton 63 

Haber 66 

Nekton 1-98 


^WStARILY BIOLOCY 
Human Use of Human Beings 
Ongin of species 

and Chemistry of Life 
Around Us 

^ements of Physical Biology 
Oeneral Biology 
Oenetics 

Tide 

P^inaling Insect World of Fabre 

^fneral Zoology 

(^fneral Botany 

Plant Life 

Pecs 

^‘tlionary of Biology 

Radiation and Life 

^WM.«lLy HISTORY AND PHILOSOPHY 

^o'lcem/ng the Nature of Things 
Million of Scientific Thought 
Science, and Religion 
•xmdaiions of Experimental Science 
__^^icus to Einstein 


Wiener 
Dan* in 

Scientific .American 

Carson 

LotLa 

AleKander 

Kalmus 

Berrill 

Teale 

Alexander 

Fuller 

Saentific American 
son Frisch 

Johnson S. Abercrombie 
Alexander 


Bragg 

D’Abro 

Malinowski 

Campbell 

Reichenbach 


•Code of publisher; see list of puWishen »h«h fo«<»*s this list. 


.95 
1.00 
.35 
2 '15 
1 25 
.50 
.55 
.Sj 
1.50 
1 00 


1.45 

.65 

.85 


1.25 
2.00 
.95 
2 95 
.95 


LISHER • 

Pen 

Pen 

Pen 

Prem 

S8^ 

BIN 

BS.N 

Pen 


S&S 

S&5 

Dov 

Dov 

BIN 

Made 

Noon 

Dov 

Pen 

Dell 

Dov 


Anch 

Ungai 

NAL 

Dov 

BIN 


Pen 

Prem 

Prem 

BStN 


BIN 

SILS 

Com 

Pen 

Pel 


Dov 

Dos 

Dov 

^\'L 
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FKICE 

(SUBJFCT 

TO PUB- 



AL'TItOR 

chance) 

LISilEB 

from lo Science 

Singer 

1 G5 

Dov 

Great Eisays m Science 

Gardner 

.35 

PB 

Lives in Science 

Scieniific American 

1 00 

S8.S 

Man on His Nature 

Sliemngton 

.93 

Anch 

IL hat IS Science^ 

Campbell 

1.23 

Dov 

New Woiltls of Modern Science 

Engel 

.55 

Dell 

ll hat Happened in History 

aiilde 

.«3 

Pen 

The Arabs 

Hitti 

.93 

Cate 

Science and Hypothesis 

Poincarj 

1 25 

Dos 

Greek Science 

Fartington 

.65 

Pen 

Experiment and Theory in Physics 

Bom 

.60 

Dov 

Founrfadoni of Physics 

I.imisay t; Margenau 

2.'I5 

Dov 

ll/iat Is Life! 

Schrixlinger 

.93 

Anch 

Nature of rhysicai Theory 

Itiiilgtnan 

1.25 

Dov 

PBJMAIILV AFTAONOMY AND CFOLOGY 

Astronomy 

Miller 

1 00 

Bell 

Biography of the Earth 

Camow 

30 

NAL 

Birth and Death of the Sun 

Camow 

.50 

NAL 

CfMJion of the Universe 

Camow 

1.25 

Comp 

Discover the Stars 

Jolinwsn % Aillrr 

.75 

Sent 

Discoveries ond O/nnioni of Colileo 

Drale 

1.25 

Ancii 

Exploration of Space 

Ciaile 

.35 

Pll 

Frontiers of Astronomy 

Hoyle 

.50 

NAL 

Key to the Heavens 

Maiiendorf 

.35 

Prem 

Life on Other WorUU 

Jon« 

30 

NAL 

Nature of the Universe 

l.uaeiiut 

63 

Pen 

New Astronomy 

Scicniific American 

i.OO 

S!i.S 

Origin of the Earth 

Smart 

65 

Pen 

Universe 

Stientific Ametiean 

1 00 

S.« 

One Two Three— Infinity 

GaDiow 

.50 

NAL 

tVorld of Copernievs 

Armitage 

30 

NAL 

History of Astronomy, Thales 
to Kepler 

Dteyer 

I.9S 

Dos 

BiriJi and Development of Geo- 
logical Sciences 

Adam. 

200 

Dov 

Dictionary of Geology 

Ilimus 

.50 

Pen 

Geology in the Service of Man 

Frarnsides 4: Bulman 

.50 

Pen 

How (0 fi'noui the Minerals and 

Rocks 

Pearl 

.50 

NAL 

Principles of Geology 

Firfd 

1.23 

BS.N 

Rocks and flfinfraJj 

Pearl 

1.95 

R&.N 

Universe b Dr. Einstein 

Barnett 

.35 

NAL 

MATHEMATICS 

A'on Euclidean Geometry 

Itonola 

1 95 

Dov 

Number, the Language of Science 

Hantrig 

.93 

Anch 

Prelude to Mathematics 

Sawyer 

65 

Pen 

Principles of Relativity 

Eiiutein et el. 

1.65 

Dov 
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Statistical Methods 
The Elements (3 vols.) 

Analytic Geometry 
Asymptotic Expansions 
Calculus 
College Algebra 
College Algebra 
Descriptive Geometry 
Dictionary of Mathematics 
Famous Problems of Elementary 
Geometry 
The Geometry 

Geometry of Four Dimensions 
Introduction to Theory of Groups 
Introduction to Theory of Kumbers 
hlathematics. Magic, and Mystery 


AtmiOK 
Arkin S. Colton 
Euclid 
OaUey 
Erdehi 

Petersen & Graesser 
Feinstein k Murpliy 

Slaby 

McDouell 

Descartes 

Manning 

Carmichael 

Dickson 

Gardner 


(SUBJECT 

TO PUB- 

CHCNCE) LISHER 

1 75 BiN 

5 85 Dov 

J.25 BIN 

I 35 Dov 

1 75 Lita 

1.75 Lita 

1 50 Bl-N 

2 25 BIN 

I.'IS WL 

1 00 Dov 

1 50 Dov 

1 95 Dov 

2 00 Dov 

1.65 Dov 

1 .00 Dov 


Anch Anchor Books, Doubleday !• Co . 575 Madison Asc , New York 22, N. Y 
Barnes & Noble. 105 Filth Ase„ New York 3. N. Y 
Bellman Publishing Co.. P. O Bo's 172 Cambridge 38, Mass 
Comp Compass Books. Viking Press. 625 Madison Ase. New York 22, N Y 
Com Cornell Unisersity Press. 121 Roberts Pk. Ithaca. N Y 
Dell Dell Publishing Co., 750 Third Ase.. New York 16, N Y 
Dov Dover Publications. Inc., 920 Broadwa). New York 10. N. Y. 

Cafe Gateway Books. Henry Regnery Co . 6^ E Jackson Blvd , Chicago 4, 111. 

Lita Littlefield, Adams & Co.. 128 Oliver St . Paterson 1, N J. 

^lade Made Simple Books, Doubleday *. Co, 575 Madison Ave . New York 22, N. Y 
NAL New American Library, 501 Madison .Ave.. New York 22, N. Y. 

Noon Noonday Press, 80 E. 11 Sl, New- York 3. N. Y 

I’D Pocket Books, Inc., 630 Filth Ave . New York 20. N. Y. 

Pelican Books, see Penguin address 

Dfn Penguin Books, Inc., 3300 Qipper MiQ Rd.. Baltimore II, Md 
Drern Premier Books, Fawcett Publications. Inc. 67 AV. 44 St.. New York 36. N. Y. 
Simon and Schuster, 630 Filth Ave . New Y'ork 20. N. Y. 

Sentinel Books, 112 E. 19 St.. New York 3. N. Y’. 

Cngar Frederick Ungar Publishing Co . 105 £- 24 St . New York 10, N. Y. 

YVisdom Library, Philosophical Ubrary. Inc . 15 E. 40 St . New York 16, N. Y. 

A listing of paperbound books in science is published by the American 
Association for the Advancement of Science. 1515 Massachusetts Ave., N.AV.. 
'Vashington D C. You will find more extensive listings in Paperbound Books, 
R. Bowker Co.. 62 YY. 45 St.. New York 36. N. V. The latter is a complete 
'«t of paperback books in print: the cost is 53.00 a year for this catalogue in 
‘"0 (spring and fall) editions. 
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Tools for the science teacher 


The expert, 

with a note on becoming one 


Experts witJ. no doubt, object to being included in a section on "looh." 
We appeal to their seme of humor; experts know that their effecliseness 
depends on how they are used. 

Our purpose here ts to indicate briefly that the teacher is not alone; he 
can call on people with experience. WTiether the experience is transmitted in a 
useful way to the teacher depends on the choice of consultant, the specificity 
of the problem, and the completeness of the information offered to him. 
Xaturally, the opportunity to use the ads ice or the competence the consultant 
transmits also depends on conditions within the school. 

^Vhcre does one find experu? 

1. In the school or school system: 

a. Chairmen of Departments. 

b. Consultants in science in she school, or within the School Depart- 
ment or State Department of Education. 

c. Senior teachers. 

d. Teachers with special experience, e.g., in particular subjects, in 
audio-sisual aids, in testing, in guidance, in library work. 

2. In the community: 

a Experts in the unhersiiy or college, state and federal departments. 

b. Experts in the city government, eg. Board of Health (doctors, 
nurses, and engineers). 

c. Experts generally in the community, iiseif, e.g., doctors, engineers, 
technicians, especially those retired. 

d. Experts in local industries and businesses. 

3. In the nation: 

a. Specialists in testing. 

b. Specialists in facilities 

c. Specialists in teaching, in administration, in curriculum. 

There is need for consultants. Any teacher who becomes an expert will 
find himself in demand. 

On becoming on expert. Every teacher becomes an expert sooner or later, 
in a small area or a large one. For instance, a teacher may be: an expert in 
dealing with visual aids, with reading materials, with demonstrations, with 
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the science shy, svilh the science prone, with student teachen, and ivith '‘prob- 
lem students." An expert knows more than most people about a given area. A 
teacher who is an expert, and who. in addition, is skillful in communicating 
his expertness, will soon be in demand in his community and the nation. 

Helping others become experts. No doubt sou have or will soon have a 
student teacher in )our classes, or a \oung science teacher will seek ^ our advice, 
ora student in jour class will want to become a science teacher. WTiat kind of 
training should any beginning or prospective teacher have- 

Recommendations for the training of teachers come from all sides. Here 
is one jou may want to consider: * 


During the last twcnt) jears certain cnteria for adequate preparation ol 
science teachers have been proposed bv individuals and groups which included 
academic people, srientuu and eduraiors In about twentv such reports there is 
concurrence on seven general recommendations These, as listed belovv, might weU 
be considered by those attempting new steps in the development of teacher certi 
Gcation requirements and teacher training programs. There is concurrence that' 

1. required progratTis and the toursej eompostng them ensure that the prospec- 
live teaeher has a scholarly mastery of the ftelcL to be taught, 

2. the prospecltve teacher have a knowledge of education, induding such 
especis as the nature and development of the child and adolescent learner, testing 
methods, and ei’afuaiion; 

skill and competence in teaching be developed as for as possible through 
reatulie experience uiilh actual problems which arise in schools and eommunities, 
the pTospecIne teacher hai-e contact usih all mo/or areas of human knoxel- 
edge. Specialization is not enough. The teacher should become aware of the inter- 
Mions of his major field of study with other fields of human endeavor and creative 
thought; 

5. the five-year training program for teachers become a mandatory minimum, 

6. nation-wide or at least reponal standards for teacher certification be 
adopted, and better methods of appraising teacher competence be found; 

7. during the (raining process, a sense of ielf<nticism be instilled in the 
prospective teacher, so that later he may have the ability to evaluate himself and 
his work. 

That competence in major fields plus professional education is not impossible 
to achieve in a five-jear ptogTam is evidenced by the requirements for the compre- 
hensive and specific restriaed teaching licenses in Indiana. There, a prospeane 
teacher must hav e 40 semester hours ol study in the physical or biological sdences 
to earn a comprehensive license. For the additional restricted license to teach a 
particular subject, for example, physics, 24 mote hours of work in the field are 
required. Thus a minimum of 64 semester hours in subjen matter courses is re- 
quired in the four-year undergraduate program; various patiemi of courses ensure 
hoih breadth and depth. Eighteen hours of professional education courses are re- 
quired, including educational psychology, prindples of education, guidance, and 
•pecial methods. Fisc additional semester hours of credit arc earned for student 
rwching. .As electives, courses are offered in the hision and philosophy of educa- 
tion, tests and measurements, and other related subjects. 

There are, however, some problems associated with the five-year program for 


w Ahead in Science Trachmg. Report of Conference on Mtion-wsde ^b- 

Science Teaching in the Secondary Schools, ed. by F. \VauoQ el at.. Harvard L-. 
'»• f^bridge, 1953, pp. 39-41. 
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loencf tf.Tcher preparation. Teachen who aim at the Master of Arts or Science 
degree of'eii find that theit background in a particular subject is insufficient to 
allow them to enroll in graduate counes, or lo compete with undergraduates who 
ha\c cowphicd hr more srmesier houn of stud)'. Such courses, designed for the 
future specialist in the field, may hast less usefulness to a teacher than would 
similar courses designed expticitl} for teachers. There are also problems raised by 
time and monev foicL of time often makes it dfficule for an employed teacher to 
carrs through an insestigaiion meeting degree requirements, while lack of funds 
often prohibits the teacher from insesting another year or more in full time grad 
iiate study. 

Il'e need teachers who have an awareness of scientific problems, who 
grasp every opparlumly lo estcourage an inqas'sstrve pupi! toward (iisi/ier study 
end investigation, who know how lo direct laboratory work and student projects, 
and who have a desire lo make science classes a stimulating part of every high 
school cumeufum. 



Tools for the science teacher 


The resource file: 


where to go for further help 


0\er the first fi\e jears of his teaching, one teacher gathered the following; 

1. A file of teaching techniques (see 5). 

2. Catalogues of films and filmstrips {renewed as new ones were published 
by having himself put on the mailing lists of the companies concerned; see 
directory of such companies on pp. -181-82}. 

3. Catalogues of scientific equipment {directory of suppliers, pp. 514-16). 

4. Pictures from regularly publishetl magarines, newspapers, and industrial 
wagarlnes {used for bulletin board materials, included pictures of the widest 
'ariety of topics— scientists, animals, plants, new machines, satellites). 

5- Files of the magazines and journals of the societies to which he be- 
longed. In file of teaching techniques {I) were index cards, relating to specific 
issues. 

d- A library (see p. 510). 

One of the most useful tools for the teacher is a file which is also used by 
other teachers in the department, or eten in the scliool. Of course, other teachers 
®lso contribute to it. One type of file consists of large file cards, each of which 
has an approach to leaching, a learning situation, or a valuable reference to a 
film, a book, a quotation, a test-whatever device is useful in teaching. For 
insunce. two cards might contain the following information: 

Field: Aslronomy 
"Topic: Solar System 

In approaching the teaching of astronomy, it is useful to use a basket- 
ball. Students in a circle throw the ball west to east, east to west. Discus- 
sion follows: AVhich way does earth revolve around sun? 

Also useful in illustrating rotation and seasons. 

Field; Projects 
Topic: Photosynthesis 

^Vhat happens to “gas” output of elodea in colored light? 

Tubes of elodea may be masked with green, red. blue plastic or cello- 
phane (possibly useful for science fair). 
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You may remember that such a card file was also suggested for developing 
test Items (p 432) It doesn't take long to see how exceedingly valuable such 
a file can become Every useful device may be recorded, and within a relatively 
short time (considered in the span of die teacher's career), a valuable resource 
file U obtained, especially if several teachers oillaborate. 

The Items to be placed in the file depend, of course, on the particular 
desires of the teacher and the particular function of the school. 

Many of the procedures a teacher may find useful are described in the 
accompanying volumes. A Sourcebook for the Biologicnl Sciences and A 
Sourcebook for the Physical Sciences. 

Other source materials and sources of materials are obtained from the 
following organizations devoted to the improvement of teaching. Of course, 
we cannot list local organizations, but we have obtained help of all sorts— 
funds, equipment, consuliants, special teachers, guidance, and consolation— 
from such local organizations as the local Parent-Teachers Association, local 
industry, nearby colleges and universities, community government, skilled per- 
sonnel (doctors, engineen, teachers, both "active” and "retired"). 

Why not acquaint yourself with the materials or services of the following 
national organitations: ^ 

AMEStrcAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. JunioF Acad- 
emies of Science are encouraged through the AAAS-afhliated state and city 
Senior Academies of Science. A Junior Scientists Assembly is sponsored each 
year at the annua! Christmas meeting. Grants are given for student projects 
through the Senior Academies. Write to Dr. R. L. Taylor, Associate Adminis 
trative Secretary, AAAS, 1515 Massachusetts Ave., N.W., Washington 5, D. C. 

AMERICAN CHEMICAL SOCIETY. Each year about 4,000 of the 80.000 ACS 
members volunteer to give personal assistance to high school science teachers 
upon request. These people work through the 151 local sections of the Society. 
If you as a teacher want further information about careers in chemistry or 
chemical engineering, summer employment opportunities, speakers, consult- 
ants, and the like, consult the local seaion officers in your area. Their names 
and addresses and other information can be obtained from: American Chemi- 
cal Society, 1 155 16 St., N.W., Washington 6. D. C. 

AMERICAN MEDICAL ASSOCIATION. Couniy and Slate medica] societies co- 
operate with local science fairs by joining in sponsoring committees, giving 
special awards and scholarships, providing transportation to the National 
Science Fair, arranging counseling, and so forth. The American Medical Asso- 
ciation presenu four citations at the annual National Science Fair and the two 
top A.MA aiiard winners are guests at the AMA annua) meeting. For informa- 
tion and names of local medical souety oRtcers, write to Leo E. Brown, Ameri- 
can Medical Association, 535 N. Dearborn Sc, Chicago 10, III. 

CHAMBER OF COMMERCE OF THE UNITED STATES. Over J,800 Chambers of 
Commerce now have Committees on Education. These committees liave been 
alerted to the nation’s manpower problems and to the need for better career 
vMost ol ihis mfotmation was collated by Sdoice Service (see pp. 529 30). 
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The principal should register for administering the Scholarship Qualifying 
Test (Science Research Associates, 57 W. Grand Ave., Chicago 10, 111) before 
October I Two students or five per cent of the senior class are tested without 
charge, and others may take the lest upon payment of a lee of $1.00 The lest 
IS gnen late in October at each participating school. For additional informa- 
tion. see your principal, or write National Merit Scholarship Corporation. 
1580 Sherman .A\e , Evanston. 111. 

NATIONAL SCIENCE FAIR. Aboiit a quarccT of a million young scientists 
in junior and senior high schtiok annually undertake science projects and 
build exhibits to be shown in thousands of science fairs in their high schools. 
The best of these compete in some 150 local and regional science fairs, which 
send in May their two top finalists, usually a boy and a girl, to the National 
Science Fair, conducted fay Saence Service. The National Science Fair is hefd 
in a different city each year; visit it when the Fair is near you. Local organi- 
zations, including newspapers, public, private, and parochial schools, colleges, 
industries, scientific and technical societies, clubs, and many others cooperate 
in local and regional fairs. Sdcnce fair participation inspires and detelops 
youthful science talent. Science Service offers full information and "know-how" 
in conducting science fairs, arranges cooperation of organizations like Ameri- 
can Medical Association and its state and county societies. Write Science 
Service, 1719 N St . N.AV.. Washington 6, D. C. 

NATIONAL SCIENCE EouNDATiON. This agency of the federal government 
conducts an extensive program of support and stimulation to science and re- 
search. including scientific personnel and education. Most of its operations are 
through grants that faciliute activities by other organizations. Extensive pro- 
grams include the support of institutes for science and mathematics teachers 
in high schools and colleges, and the program for graduate fellowships. An- 
nouncements are available from time to time. National Science Foundation, 
Washington 25, D. C. 

NATIONAL SCIENCE TEACHERS ASSoaATiON. A department of NEA. and 
an affiliate of the AAAS, this organization offers publications to help stimulate 
science activities by students, such as; 

Tomonoui's Scientists— for high school science students. Group subscriptions 
are 50^ each, minimum of 5 subscriptions to one address ($2.50). Individual 
subscriptions are $1.00. 

Encouraging Future Sc/enfisls.* Student Pro/ects-examp!es of prize-winning 
science projects done by students. Single copies, 50e each. Quantity orders, 
25tf each. 

// You IFant To Do a Science Proyeef— suggestions to help students plan, carry 
through, and report science projects. Single copies. 50^ each. Quantity orders. 
25^ each. (All orders for $1 or less must be accompanied with remittance.) 
Encouraging Future Scientufs.* Keys to Careers— bibliography of science career 
information and guidance materials. Single copies free. 

Careers in Science Teaching— jnctorial presentation of science teaching as a 
career. Single copies free. 
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Section Six 


BLUEPRINTS FOR 
COMMUNITY ACTION 


Community as a wotd, or concept, has often oppressed the teacher. He 
hears. He must meet the needs of the children in the particular community 
in which he lives. He reads: Co-operatioii with the community is essential 
to the fullest development of the school program. He learns No school 
program can develop to its fullest nifhouf the inowledge and collaboration 
of the commumtj’. And eventually be realizes A school or school system solves 
its problems best and with oplnnuni speed when the communit)’ is a part 
of the school, when the communih helps in shaping the ob;ecfive$ of the school 
and glories in their realization. The school is created by its commumt)- and 
it is sustained by it. lii the school situation not onh- “where there is a will, 
there is a waj but also “where there is a good community-school relationship, 
there is a way.” 

We have maintained that a teachers method is his personal invention, 
contrived from his culture. Jus heredity. Jiis emiroiiment, his training, and 
the thought he puts into developing an imaginative approach to teaching. We 
have maintained that a school curriculum is a personal invention of a faculty 
working with the community and with the children who are to do more, 
learn more, and know more. 

Now each community has its own way of doing things- It flavors the 
present out of its past. But in the long run. deep-rooted changes in school 
practice arc developed through the energetic, intelligent, and effective labor of 
the community to reach its goals. 

We present three such attempts at improving science education in three 
different kinds of communities. We have not excerpted or updated the reports; 
we reproduce them as they were origiiiall} drafted to preserve their special 
flavor; for the flavor of a report indicates how the community may address 
itself to a problem. Nor have we commented upon them; we present them simply 
3 s e.tamples of how three different communities attack essentially the same 
problem: How to improve instruction in science. 

The moral to be derived from the three stories is also essentially the same, 
despite differences in approach: To improve science instruction — as indeed 

3II instruction the active interest and coDaboration of the community assures 

fhat the problems will be faced. And, if it is within the scope and responsibilif)’ 
of the commumt)’ and the school, the problems will be solv ed. 



Search, National Science Fair, etc. Free material available on various activities 
and samples of publications sent on request. 

Science News Letter, weekly summary of current science, S5.50 a year, trial J3.13 
for 4! weeks. 

Chemistry, nine times a year, $1 a year. 

Things of Science, monthly experimental kits, actual samples of novel and edu- 
cational material, membership S5 » year, collection of 29 kits, $13 50. 
Thousands of Science Profeels, Itmag titles of exhibits aciuany made, 25^ a 
copy, 10 copies for $1 
Science Service books, each $2 postpaid. 

Science £x/iibitj 

Scientific Instruments You Can Alake 
The Chemistry IVe Use 
Organic Chemistry for the Home Lab 
Experimenting with Chemistry 

Color slides of National Science Fair, 5 sets available, S6 each. 

Science Service, 1719 N St., N \V., Washington 6, D. C. 

SCIENCE TALENT SEARCH. High kHooI seniors have a chance to win trips 
to Washington, share in a siiable total m Wesiinghouse Science Awards and 
Scholarships, and be recommended tor admission and support in college. The 
Annual Science Talent Search for seniors is held in the fall of each year. 
Teachers should ask for examinations m October. Seniors should be working 
on their projects and reports during the summer Ctmijileted entries must ar- 
rive at Science Service not later than midniglit, December 27. Science Talent 
Search Is conducted by Science Clubs of America, a Science Service activity, and 
sponsored by the Wesiinghouse Educational Foundation. Ask for How to Search 
for Science Talent sent free on request. Science Service. 1719 N St.. N.W’.. Wash- 
ington G, D. C. 

THOStAS ALVA EDISON FOUNOATioN. The Edison Foundation carries on 
programs directed at encouraging more boys and girls to undertake careers in 
science and engineering, and also carries on a public information program in 
behalf of improving the quality and quantity of science education. National 
Science Youth Day, which is held annually on Thomas Alva Edison’s birthday. 
February II, is a nation wide program to interest young people in science and 
engineering. Participating tn this National Edison Birthday Celebration are 
major companies of American industry, governmental agencies, professional, 
scientific and educational societies, and other groups. Science experiment book- 
lets and other free materials are distributed nationally to students Special stu- 
dent visits to industrial plants and research and development laboratories are 
arranged. The Foundation also organizes national conferences and Edison In- 
stitutes on scientific manpower and science education problems. Awards are 
also given in the mass media to encourage better program material in sciences. 
A list of publications available from the Edison Foundation may be secured by 
writing to Thomas Alva Edison Foundation. Inc., 8 W. 40 St., New York 18. 
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Blueprints for community actjon 


The Detroit science 
education story* 


SCIENCE EDUCATION: DOES IT PRODUCE 
OR FRUSTRATE POTENTIAL SCIENTISTS? 

DR. SAMUEL M. BRO^\'NELL 

Superintendent, Detroit Public Schools 


When Kettering »sVed me to tali lo this Eighth Edison Foundation Insiiiut*’ 
I agreed if I could take as my task tlie discussion of the topic, "Science education 
does It produce or Irusirate potential seieniists'*" In the face of this nation’s record 
of producing great numbers of scientists who liave helped to detelop the worlds 
greatest technological economy and defense program, why raise such a question’ ft is 
because we need to inaease the efficiency of science education e\en beyond its present 
lesel ^Ve need to secure more better Kieniisis faster. 

The need for maVing better ptoMsionv tor science education is not a itev. disco'ety 
resulting from Sputnik. What is new is iliat persons who formerly failed to hear, or 
who dismissed pleas (or action to strengthen science education as propaganda by odU' 
cacional pressure groups, or who considered it desirable but too expensive, are sud 
dcnly calling (or action. They now see the significance o( what has oft been presented 
Matty of tliem do not tealite that much ptogtess has been tnade. They believe that 
because they have just become aware of the problem that the problem is new. 

Scientists and educaion have been working hard during the past several years to 
improve and to increase the supply of scientists, engineers, and mathematicians, and 
the results are encouraging Greater progress can and must bs made. Some immediate 
adjustments can inaease the output of scientisu. engineers, ahd mathematicians some- 
what. But the major job of permanently increasing the number of leaders in science 
and in other fields from able young people who do not go far enough in school or 
prepare themsclies sufficiently well lo be scienusu or other leaders needs to be con 
sidered in terms o( decades, not of months and years. It involves improving the 
preparation of those who teach mathematics and science in the elementary schools as 
welt as in high school and in college It requires changing the attitudes of some iamihes 
toward the study of science and toward the prejsaratinu of girls for scientific careers. 
It calls for the provision of mote adequate school Cacihlies and better pay and status 
for teachers so that pupils in elementary sdiools. high Khools, gnd colleges receive high 
quality instruction 

These changes cannot come about as She quick result ot a “crash" program and 
thus solve our science manpower shortage. It may be. however, that we need a pm 
gram sudden enough and large enough to crash through exisimi^ barriers and initiate 
these changes without delay. The problem then facing us is to sustain through the 

• Address presented at the tighth InsUlUte of the Thomas \Ka Edison roundation. 
November 1957, and published by tbe Foundasion m pamphlet form under this liile 
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tence in science, as it docs in athletics, music, uriiing. or cralumanship in any field. 
Failure to proiide sufficient immediate and long range regards in the study of science 
or mathematics may be as e(Fecti\e in closing the door to further adsancc of a youth 
as exclusion from schooling. Furthemiore, since there are not enough among those 
of high ability who decide sery early that dies want to be sciemisis. mathematicians, 
or engineers, and who now stay on to become scientists or mathematicians, we must 
preside opportunities to enter these specializations for those who hast high ability 
and who dcselop serious science concerns at differing ages, or who resume" scientific 
interest after a lapse of time. 

Another effectise presentatise to adsancenient of siudenu may be discourage- 
ment resulting from wrorking in a class taught by a teacher of science or mathematics 
ssho measures his success by the number of pupils he fails instead of by die number 
he prepares for, and interests in, going on to the next course that is oilercd in the 
curriculum 

UTiere great differences exist in the moruliiy or failure rate between teachers who 
base pupils of equal ability, insestigaiion of the causes is in order lest doors are being 
closed which should be left ajar or kept open 

The good teacher lias tradttionalh been one who increased the interest and effort 
of an able pupil by prodding opporiunitics for him to move ahead in his thinking 
and learning as rapidly as he was able This good teacher has removed road blocks 
and opened new paths beyond what might be available in the prescribed classvsnrk 
Organization of courses of study to aid teachers in systematic sciemc and mailiemaiio 
instruction is essential, but there is ever present the danger that too slavish following 
®f a pattern of organization wbicli seems logical to the teacher mav frustrate the in 
genuiiy and initiative of the bright pupils i|>c(iai groupings for high ability pupils 
and freedom for such pupils to work indepcndemlv seem possible to a greater degree 
than presently found in practice. 

lliese examples ace the kinds ol practices that schools and colleges eser need to 
examine carefully to see if some teachers and some administrative practices operate 
In close doors that could and should be opened or reopened to potentiallv able 
Kieniisu. 

A third way in whidi schools and colleges mas l>e frustrating some potential 
»cientlsti may be through making other /Htitiom o/ uhooting more rewarding, or 
science leu rewarding, for equal expenditure of time end eriergv- 

for years students who have enrolled in laboratorv science counei have been re 
suited to spend more clock hours in class anil laboiatory combined for a given amount 
of oedit toviard graduation than required for nonlaboraiory courses. .\nd. in older 
to sciiedulc double laboratory pc-riotls. siiidems were mure likely to find it netesvary 
•o have them at limes that were in compctiiioo with extraeunicular activities or to 
take sciences at the deprivation ol study periods which other studenu have. 

Another situation has grown up m mans scliools or campuses in which, for cquiva 
'«ni expenditure of lime and energy and quality ol pcrlormancc. pupils receive higher 
Ktades in subjects other than the sciences and mathematics, \tnbitiouv high school slu 
denu wish to have a good high xhool academic record liecauvc it may affect their col 
entrance. Able college students know that college honors and chances beyond 
college depend somewhat on their academic record. Such studenu are thus placed in 
die position where to choose work m science or maihcTTiatics (vvhich they may like as 
’‘dl as Some other area) they know will prodsKC a less favorable rrninl lor them. Tfiui 
^hen we hear criticisms today that students choose loft rather llian hard courses ssc 
'«’fd to consider how- much of this is due to the wav in which wh'w.ls and colleges 
'’peraie. 1 submit that the idea that some areas of stuslv are inherenih hanler than 
whm needs to be examined critically to see if what it involvctl it not inequiiv in the 
Kience is treated compared with other subyecis in the curiitiilum. and inojualny 
"> evaluation of eqiiisaicnc undent work as Iietwcen ditlrrrni imiruit.itx. 
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pmgreM. The science or maihemancs jcacher i»ho measures his success by the number 
of pupils who take more math or more science has indeed a standard that is far more 
significant tlian the grade on examinations, or the number or per cent failed. Factual 
knowledge learned is of iittfe import if it is the end product. Desire to learn more 
about a subject and skill to pursue imesugation in that field is far harder to develop 
but leads to real learning It is the goal of the true teacher at the elementary school, 
high school, or college le\el 

It IS in the elementary school that amtudes toward learning are substantially built 
or curbed even ihotigh many other influences than the teacher may interest or distract 
the interest of a pupil in the different fields open to him for study. Many scientists 
can trace their awakening of interest in science or mathematics to an elementary school 
teacher, yec tlie fact is that there are many elementary school teachers teaching ariib- 
metic who base had little or no work in mathematics beyond algebra or a general 
mathematics course in the ninth grade. 

Many elementary school teachers have had no further study of arithmetic itself 
after the eighth grade They avoided mathematics because they were not too good in 
arithmetic. They never came to understand mathematics as quantitative thinking or 
science as a way of thinking and a tool to finding answers In their schooling arithmetic 
was to them a memorization, follow-theditectionsand-see-how-youcome-out exercise. 
There sre elementary school teachers who had little or no science study in high school 
or beyond Such teachers can hardly be expected to instill in a large portion of their 
pupils an interest in. or an understanding of. these subjects. Their teaching will remain 
on the level of mechanical manipulation of figures in prescribed ways in order to come 
out with ansvvcrs set forth in the back of the book, or of repeating facts about the 
birds and the bees and the wind and the weather that are set forth in the book, but 
they always live in fear titat questions will be asked for which answers are not set 
forth in the teacher's manual. 

Colleges preparing elementary teachers have made great strides of late years in 
changing their curricula to remedy this deficiency Tlie study ol mathematics in college 
which will stress the development of mathematical concepts, understanding of the 
deielopment ot number sjstems. and protide sufficient practice in use of mathematical 
processes to develop reasonable skill and confidence is increasingly being required 
of all who would teach in the elementary grades. Likewise college level study in both 
biological and physical science is increasingly a requirement In preparing for elemen- 
tary leaching 

Cities, such as Detroit, that for years have employed college graduates as teachers 
m the elementary schools have this problem in smaller degree than many places, but 
even in Detroit we need to examine our situation to see how extensively we are rely- 
ing for the early training of pupils in arithmetic and science on persons insecure in 
their preparation or negative in their attitude toward the subjects 

A second condition is that of closing doors (a further advance in mathematics and 
science study for able pupils by aclwn of leackers or by curriculum organiralion. 

A scientist must have his interest aroused early enough in life to prepare over a 
period ot years Thus arithmetic and mathematics and Kience work have been organ- 
ired in sequential steps or courses The pnlentiat scientist thus is expected to be inter- 
ested m and to complete successfully each sequential step. His interest must withstand 
the competition of other interests, for if he has the capacity to be a good scientist he 
probably has ability to be good in other fields and he has a strong curiosity to find 
out about things Thus science or mathemaua interest must be sustained over a long 
period during which it must be disciplined by sustained tasks that require concen 
traied and at times tedious work. Thai, bowncr, is true of developing a high degree 
of proficiency m any area. The immediate and long-range rewards— ie.. commenda- 
tion and encouragement as progress is made, mixed with the right proportion of 
pressure to keep practicing when the gomg gets rough— holds for building high compe- 
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for many years) is the highest in the nation's hisiory The per cent of higfj school 
pupils enrolled in science and mathematics also increased slightly. This is the first in- 
oease in percentage since 1910. 

Here are some figures. Whereas in 1954 only 77 per cent of high schools offered 
courses m chemistry or physics to twelfth-grade pupils, in 1956 there were 82 per cent 
that did. Whereas in 1954 only 78 per cent of high sdmols offered plane geometry to 
tenth-grade pupils, the number now is 81 per cent 

In 1952 there were 24.6 per cent of high school pupils taking algebra. It had in- 
creased to 28.7 per cent in 1956. This 28.7 per cent represents more than two million 
students, against slightly more than half a million in 1910 when the per cent of high 
school pupils taking algebra was 56.9 per cent 

The percentage of pupils taking biology rose between 1951 and 1956 from 72 6 per 
cent to 75 per cent, taking chemistry from 31 9 per cent to 84 b per cent, taking physics 
from 23.5 per cent to 24.3 per cent, taking plane geometry from 37 4 per cent to 41,6 
per cent, and taking intermediate algebra from 23 5 per cent to 32 2 per cent. 

One may regret that the percentage is no luglier. but to ha\e that much gam in 
two years' time in the percentage of pupils enrolled in science and mathematics when 
total pupil enrollment has gained appreciably cadi year, and to base the gam con- 
sistent for the several courses rocmioned, is notable and heartening. And remember, 
this is in the face of a shortage of science teachers and science facilities m many places. 

I call this to your attention, too, in the light of much publicized figures which 
point out that between onc-fifth and one<)u.iner of high schools do not offer physics 
or chemistry. Let us keep in mind that only about five per cent of the nation’s high 
ichool pupils are enrolled in this 23 per cent of the high schools, probalilv one hundred 
or fewer pupils per school. This is because there arc still about one-half of the high 
•cnooli which enroll less than 200 pupils Hoc here, again, we can note progrevs. for 
school district reorganization has reduced the number of school distruu m the nation 
worn 117,000 to around 50,000 school disincis in less than twenty years’ time. 

And if we turn to the colleges we find that freshmen engineering cnrollmeni has 
■or the fourth coiisecutnc year increased, and ilic ratio of increase is higher than that 
college freshmen generally 

When I turn to the situation m Detroit ihe picture of science and matliematics 
‘n the schools may be painted dark, gray, or white, depending upon one's point of 
In high scliool student enroilment the iiercentage of tenth graders enrolled iii 
oialogy is 85 per cent against the national average of 72 per cent. In chemistry the 
Percentage of eleventh graders is 34 per cent against a 32 per cent national figure. 

In twelfth grade physics the 24 per cent of Detroit pupils is the same as that for the 
nation. During the past three years Detroit high schools have graduated a few more 
“lan 9,300 pupils. All of them had at least one year of science. 42 per cent had two or 
more yean; and 12 per cent had three or rnore years. 

fupih in nearly all of the elementary schools have science instruction from a 
*P«cial science instructor. I’lipils in junior higli schools liavc science in each year and 
wi^dimetic is provided each year up to high sdiool. Pupils who graduate from high 
*^ool must complete at least one year of science and one year of mathematics. Addi- 
bonal science and mathematics offerings arc available, but not required in all curricula. 

The focus in arithmetic in Detroit schools during the past several years has been on 
developing tnaihematicai concepts »n aildvtvon to mastery of die skills Understanding 
'elationships. and of how our arithmetic system is developed on the base of ten are 
considered important objectives as well as learning the multiplication tables. Last 
}e»r new textbooks were selccietl for antlinieiic and for algebra. 

Detroit has for many years encouraged Kicncc clubs in ns scttindary schools to pro- 
'■de opportunities for those with special science I'MtercsM and abilities to have freedom 
pndance in self-initiated activities. Tliis year the schools are deeply involved in 
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Counes in anj subject fieM-propwly laught— can challenge and cequire e^oj/ 
and applicatton by the learner Those of ability and interest should be expected to do 
those things tshich require effort and to do them in ways that will exercise their abili- 
ties If progress IS evident to them and the significance of their activity and concen 
traied effort is clear to them, then continued grOHth and interest can be anticipated. 

But let us not assume that all pupiU will exert their full ability in all of their 
activities nor should ibe>. You do not— or should not— eat as much as you could every 
meal You do not walk or run to your full capability whenever you have a chance. 
You do not read every item m the paper as carefully as you might. No— you try to bal- 
ance >our diet to fit your needs and your tastes. You walk or run fast when you have 
to catch a tram, but iry to avoid that generally You choose the items that you will 
read carefully depending on your inieiests, and on the time available from other 
things that you cannot control Choice of soft versus hard courses is not peculiar to 
youdi You and I, given a choice, usually take the one that is the most attractive in 
terms of what we want— money, leisure, prestige, field of activity, location, future op- 
portunity. security. We usually do not uke the rough road if we can get there as 
quickly or at least on time bv use of a more comfortable one. So must we expect that 
pupils will and should use their abilities m accordance with the significance they see 
in extending themselves to do high quality work 

Science and mathematics for those who would become tops in their field are proba- 
bly no more rigorous than music and an and philosophy and law and medicine and 
the writing of prose or of poetry for those who are the high ranking scholars and per- 
formers in their fielcis. It is perhaps easier to detect those whose ability to perform is 
medioae in science and mathematics than with the arts or social sciences, and thus to 
apply the right or wrong, pass or fail, procedure. But we need to be careful about apply- 
ing the idea that science and mathemaiio are harder, and thus saeen out potential 
scientists by fear that they might not be able to succeed. We need to be careful lest vie 
eliminate able young people from science or math courses by applying more rigorous 
leiM or doing Jess lo chaJJeiige iheir interest than is true in other fields 

The C 1. program, especially, and other experiences, have demonstrated that some 
able persons may not have been interested or challenged by high school or college 
work. In the service or in working ihey developed a new interest or a nesv purpose 
which caused them upon return to school, college, or graduate school to devote great 
energy and full ability to mastery of problems and processes they had earlier avoided 
or done in cursory fashion 

The choice for them was not whether it was soft or hard but whether it was Jig- 
nificanl lo their purpoies and what they thought was important. 

The fourth condition 1 shall mention is reiiricting laence opporlunilies lo pupils 
because facilities are limited. 

Shortage of laboratory space is even now a factor of importance for many schools 
and colleges who have students able and willing to go ahead vvith science study. Lack 
of equipment to deaf with nuclear science and electronics plagues teachers who them 
selves ate equipped to work with students in these fields. If there were available more 
science teachers, and if a larger proportion of students continue lo enroll in science, 
we have the problem of seeing that they are not frustrated by shortage of spice and 
equipment for engaging in scientific study. 

I have no* here emphasired the greamt lack which restricts science opportunities, 
lack of sufficient well qualified science and mathematics teachers in elementary schools, 
high schools, and colleges. That is to fully recognized. I hope, that I shall but under- 
line It here. 

Now let me turn to eSarts which have been underway by educators and citizens 
these past several years and indicate that progress u being made. 

First let us look at the national scene. This U1 the number of high school pupils 
enrolled in science and mathematics oounes (which has increased steadily year by year 
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college. Electives are to permit a pupil to pursue his special interest and ability be 
)ond the usual high school level. 


9B 

t World History 1 (accelerated) 
fAlgebra 1-2 (accelerated) 
t French 1 J (accelerated) or Latin 1 
Health 1 


t Choice of 2. 


lOB 

Composition 2 

French 5-4 completed or Latin 3 
Geometry (Plane & Solid) completed 
Biology 2 
Health 3 

IIB 

Composition 3 
jrigonomeiry or Elective 
^Mican History 1 
Chemistry 2 

Language or Elective 

HB 

Ci”ci ” Literature 

^«nced Mathematics or Science 

Elective 

Fltetive 


9A 

Composition 1 
Biology 1 
Geometry 1 J 

Foreign Language (continued) 

Health 2 

J Indicates more than one term's work, but 
less than tuo. 

lOA 

American Literature I 

Second loreigii Language or Latin 

-Advanced Algebra 1-2 

Chemistry 1 

Elective 

llA 

English Literature 1 
Analytical Geometry or Elective 
American History 2 
Advanced Science 
Foreign Language or Eleclive 

12A 

Composition 4 
Econoniia 

Advanced Mathematics or Science 

Elective 

Elective 


ACTIVES: 

Appreciation, Music, Music Appreciation, Public Speaking. Radio Speeth, 
^OMics, Qualitative Analysis, Quanmauve Analysis. Organic Chemistry. Metallurgy, 
Btnmoiogy, Physiology and Anatomy, Electronics, Television. Radio, Sociology, Crea 
* “'riting, Hydraulics and Automation, Latin America, etc 


ii,. regularly enrolled members of the high school, the same as pupils in 

X Pfograms offered by the school. They are not kept separated in any way except 
“ “’'y are in the accelerated classes. In extracurricular activities, they participate as 

students. § 

fehap. I h„e d,el, too long on »h« i. nndon.., in Dtm.i, .nd ,ci it .tem. 
®t that conscious as all of os must be today of our sboitcomings in science educa- 
;;;;;^«tcd » point m .peclfic. which show some of die step, that are being taken 

t«aS' '■""dpal of Cass High School, Joseph C. Wolber. S 

“m an A or B grade in algel^T^ the end Slo be Cnulfed 

'‘imde "P**! ‘hat all the high Kboot , h,lf of college malhentalici 

sun "HI allow the students to tale a ^ , r, ah^ra itudcnti if 

high school. He remarled. 'When •e asVrf C ami *• al eon 

itfuiei- ^ inio a regular class wheic they would prolaW) get an a. it. 
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the science fait program which culminates May 1-4 [1958] m the Metropolitan Fair 
at the State Fair grounds 

The mnueiice of a nuclear biology institute this past summer on bringing latest 
dctelopmenu in this field to about fifteen Deuoit high school teachers and providing 
them with apparatus and materials for carrying on instruction in their schools 
pointedly demonstrated the need for similar type opporionities for many more science 
teachers _ 

There are three more aciiviites in progress which deserve some comment as indi- 
cating steps underway to improve the education program, including science education. 

The first is the city wide study of Detroit school needs inaugurated about a year 
ago. Thu tito-year study, by a coniiniltee broadly reprcseni.vtive of the lay citizens and 
educators on a city wide basts and by eight separaie similar regional committees, is 
iniohtng more than three hundred persons. 

What are Detroit school needs in the decade ahead?" is the question they are 
studying. 

What changes in the science and mathematics program are indicated as one phase 
of tiiat study. 

1 note this especially because in a recent message of the President the need for 
cituens to study their schools toward this end was one recommendation. 

A second activity, provided lot in the Khool budget this year, was the extension 
to ihe fields of science of a program well esiabfished in music and art. It is a program 
of classes on Saturdays for grade school pupils of special abilities and interests m the 
field. Preliminary planning during the first semester will permit the initiation of these 
science classes beginning with the second semester. 

The third activity is a brief report on an experimental high school program 
initiated at Cass High School this fall that will challenge the boy or girl who has been 
blessed with a rare degree of imelligence. a keen desire to learn, and a willingness to 
work. The program will be accelerated, not in the sense that the stay in high school 
will be shortened, but rather that time and spare will be found for enrichment through 
the study of advanced science and maihemaiies. and cleciivc subjects which might be 
imposed upon the normal load program, and will include specialized subjects not 
ordinarily taught in high school 

The criteria used for the selection procedure were as follows: 

(a) Top eight per cent on the General Imelligence Test, 

(b) Top four per cent on ihe composite score of the Iowa Multi-Level Tests. 

(c) Superior grades jn school subjects. 

(d) Recommendation of classroom teacher 

(e) Application by parent and prospective pupil for enrollment in this program 

The Psychological Clinic and the Instnicuonal Research Departments assisted 

in the screening of candidates for intefligence and general academic achievement. The 
program is designated as the science and arts curriculum. It is somewhat oversimplified, 
but reasonably descTipiive to state that pupils in this program will, during four years 
as regular members of Cass High School, do five years of work. Their science and 
mathematics work during the fourth year, for example, will include analytical geometry 
and calculus 2 and a third year of laboratory science. 

There are 202 presently enrolled. At the end of the fint card marking two pupils 
were below passing in Latin 1. There were no other failures. One hundred thirteen 
made the school honor toll. 

It is recognized that initial pbns tor the program will need to be modified in 
light of experience, and whether or not the program should be extended to other 
schools depends on experience with this group We believe it is a significant start on 
providing more adequately for those of high ability. 

The outline of the cuiriculum by leims now seems lo shape up as given below. It 
will be noted that most of the work b a required program preparatory for almost any 
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to reduce these shortcomings Ahead we expect to uke steps for continued curriraluni 
revision, for organized experimentation to try to provide for more continuity of 
pupils with the same arithmetic teacher and the same science teacher, to provide more 
science facilities and more up-todate equipment, to have comprehensive testing in 
science and in matliematirs for better placement of pupils in science and mathematics 
courses, and to provide more opponuniUes for science teachers to do systematic study 
on new developments in their field. These and other activities are certain to keep the 
superintendent in Detroit actively trymg to keep up with the ideas and the needs of the 
school staff. 

By the foregoing perhaps I have made dear several points. (1) that if science edu- 
cation 13 CO produce scientists in the numbers and of the quality we need the problem 
IS more than one of retjninng that more students sit more hours in courses labelled 
science and mathematics, (2) that teachers, school administrators, boards of education, 
from elementary grades through advanced graduate courses all have important parts 
in the making of scientists and need to examine present practices to see the extent to 
which tliey may be frustrating as well as producing scientists; (S) that much progress 
IS being made to improve and increase science education by school systems, including 
Detroit: (4) that the necessary improvement of science education is something that 
must receiie attention, work, and added sttppori for decades— not just months and 
years-and that it involves in addition to the best efforts of educators, votes of Khool 
boards, legislatures, the Congress, and Citirens at the polls 

And, as we assess the current and long range strength of this nation and consider 
steps to impTove the preparation of its cuirens we cannot afford to overlook or to dis- 
count an intangible element which is as important as, or of greater importance than, 
what I have discussed. It is that we must relate science education to the beliefs held 
by persons which spur their efforts, sustain their hopes, and maintain their cohesive 
action regardless of hardship. Scientists and engineers who lack appreciation for 
spiritual values, a citizenry lacking in beliefs beyond mere survival, rmissariM to other 
nations vvho are primarily concerned with vvhai they can secure from them rather 
than what they can do to make living more significant and meaningful for them, can 
undermine and perhaps wreck the military and technological superiority we may have 
or develop It may even be possible that the preparation of missionaries, of philoso- 
phers, of teachers, and of health specialists dedicated to improving the living of people 
in other nations should have equal or higher priority than the preparation of scien- 
tists and technicians. 
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vide tours for junior and senior high school students to local industries in orrf^r 
stimulate more interest m basic courses id mathemaucs and science The Committee's 

est m science. In this pilot project, 42 ninth grade boys were identified bv al»Phrr, 
eachers as being capable students who could carry the story of what they s^aw^ack 
to their classmates. Science teachers of eighth graders did the same ^ 
Moto^d.^’rn teachers, employed by the .^.llison Division of General 

Motors during the summer, was assigned the task of inakinR a detailed studv of il,.- 

« I”"?"'"" The „hole day’s program a„d , doerary 

ceuticM was done by personnel of the Eli Lilly Pharma^ 

wa. ciSr?.; No',.mb"r g S’ '”"'“‘’-"'8 P™*'" Tbe pr.jec. 

I!'*' ‘*«'ded that it must try to evaluate as many of its 

»hilh reactions were solicited from pupils and teachers 

outcomes degree to which Uiis kind of program achieved the desired 
outcomes ijie following are typical responses received 

on the (■'»'«’") He talked to our group 

of nn.b while he was testing a torque converter It was the only apphcaiion 

Imi ^^Stt^eering 1 saw, I would have enjoyed seeing more engineers at svork and 

iws torque and transmission testing.” 

ser *1"" thinking of entering a field of science for some tune, but I have not 

"*P Company gave me many 

to enter” helped me to better understand and decide which field of science 

trif-iW^f* David is interested in electricity, he particularly enjoyed seeing the elec 
,n_ . equipment and the electronic brain ’ Seeing the planes at Plant 10, talk 
g with the workers, and visiting the Powerama were all highlights of the day." 
lit to n'*t principal wrote. "I personally feel ihe science tour was of great bene 
ttnerali*^ Tk him with more confidence, both in the classroom and scliool 

other n -1 » resulted in more aiieniion being focused on science from the 

and P“P‘ *■ pupils have asked about ihe opportunities of taking a similar tour, 

Th™r* going ari individual is more of an honor than going in a group ’ 

it sh M Committee believes this to be a sufficiently valuable kind of experience that 
ou d be increased fivefold in February or March of 1958, and should include both 
'’oys and girls. 

Wav 3; That Business Education Day plans be modified this fall in such a 

speci n' mathematics teachers can be grouped and invited to plants where 

(g ^ ^ ^ oesigned programs can be prepared for them. The Committee’s purpose was 
tht Ihe effectiveness of this program which was originally designed to raise 

busin appreciation of the relationship of education to the community's 
''hich ** industrial life Four industrial firms partiapated in the modified program 
of r carried out on November 16, 1956, through the co-operation of the Chamber 
Commerce and local schools. 

Day Inquiries were sent to all teadiers participating in the modified B E 

as follovvs: "Members of the Indust^-Schools Committee on Science anti 
erjj j Education are interested in evaluating the programs offered by the sev- 

hjjp b lo science and mathemaucs teachers. Would you please give us your 

^ writing your criticism of program this year and suggestions for program next 

following are typical of the responses received: 
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sponsorship is provuled by ilie Intlianapotis Board of School Commissioners and the 
Indianapolis Chamber of Commerte. 

At Its organitaiion meeting on June 19, 1956. the Committee was ashed by its 
sponsoring organirations to consideT musalty the follouing problems or questions- 

1 Hoss can more \oung people be iiimulateil (or rc<juir«i) to lake basic coanti 
in mathemaiics and science to prepare them for college training in technical and 
scientific fields- What devices or methods might be put to Use? 

2 Ate there enough able teachers m mathematics and science? 

a Is there need for stimulating more bright young people now in high school 

to make leaching in these fichls their career? 

b Is there need for refresher courses for present teadieri In these fields? 
c Is tlicre need for more bboiaiory e<|uipmeni in the schools’ 
d. Arc ifie eurrioila in these fields adequate to our needs? 

3. Is there too much intttfeitnte horn having coo many course offerings which are 
not so fiindarocntaP 

4 AVhat contribution could be made on any of the above subjecii by the part 
time participation of men in these fields now in the employ of industry? 

Statistics were studied regarding enrollments in high kIiooI mathematics and science 
courses, the time given to science instruction in the junior high sdiools. and the train 
mg of icienec and mathematics teachers. Aiiitles in professional journals and papen 
were reviewed Attention oi the Comniuiee began to focus on selected hypotheses, in- 
cluding the foltowing- 

1. S/uptrotiOit s/x! gt.-NJjrtce of ewJwiMWic wmcJw* >/}I Oa more to intfrai papiii 
in icience and maihceaauo than uiV an)ih>ng else Upgrading science courses will in* 
crease enrollments. 

2. Improving instruction in science and mathematics is an imporiani long range 
aim But there must be measures that can be taken immcdiaitly lo interest youngsters 
in the opportunities in iiKjiioni related to science. Tupil visiii to laboratories of 
local industrial scientists might help 

3. Science instruction in many elementary and junior high schools consists largely 
of reading about science. Nfore lalMraiories should lie provided. 

4 Science and scientists will flourtsh best where aJ/ people are more literate in 
science and more appreciative of it. 

During the seventeen months of the Committee's existence, iu work has included 
eleven specific undertakings. The following thumbnail desaiptions include proposals 
made and outcomes to the present tune: 

PROPOSAL 1. That the Committee on Science and Mathcmaiici Education make 
formal request], through the supcriiitenilenis ol the various public school systems of 
Marion County, Uiai sufficient funds be budgeted (or Uie year 1936-1937 to supply 
equipment for an adetiuaie Kicnce pit^m in each junior high tdiool, and that a 
suggested list of equipment be submitted. 

Outcomes: This recunimcndaiion was sent to all school superintendents of 
Indianapolis and Marion County. Although the Indianapolis Board of School Com- 
missioners was already well into its budget preparation in July, ft appropriated $60,000 
for equipment and supplies lor m junior high schools lids was fifteen times the 
amount appropriated in any one piecctlmg year. At the same time a Consultant in 
Mathematics and Science was nam^ to head up an intensive inscnice education pro- 
gram in the use of this equipment. Afy associate. Dr. Newton C. Sprague. wiH include 
the discussion of this program in his prcscnutiou which follows Other school districts 
of the metropolitan area iiifurmed tlie Committee that they were taking cognizance 
of (he recommendation by strengthening their science programs. 

PRorosAi 2; That a pilot program, sponsored by local industries and Marion 
County schools and coordinated by the Comnuttee. be carried out in the Fall to pro- 


S41 tLUSPRINTS FOK COMMUNIW ACTION 



^ rompanies indicated the a^ailabd.i) of 78 jobs. Teachers were 
*“ One hundred teachers 

reponded. Names of teachen were made asailable to industries, and information as 
to job opportunities was presided to teachers An appraisal is beinsr made 

scienS^'^" f°f money to assist 

science and mathematia teachers m conunuing their study in these subiecu 

to the **’" Foundation granted $10,000 

r,.n « ^"‘^ustry Schools Committee lor use during calendar year 1958. The grant is 
renewble for two additional years. 

ancl!hef’^''^”""i‘"»'“'-'%‘^® Lilly Foundation, the Indianapolis Foundation. 

Juu'or League have given additional funds amounting to several 
ol S ^ildr”n “ ' Public Schools for special education of teachers 

PSOPowL 9: That all Boards of Education be urged to budget funds to pay ex 
ftten^”' mathematics and science teachers attending professional con- 

^fd budgeted, for 1957-1958. $3,600 to send m.ithe- 
such*tenferen phvxical science teachers from the eight high schools to 

it amounts to $430 for each high school, which is not a tremendous sum, but 

o;.- representatives from our departments of mathematics, natural 

wience, and physical science to meetings this year 

schiv!t*K*'°*j*’ tjuality of teaching greatly affects pupil interests, all 

1 boards be urged to improve financial incentives to attract more apable people 
'•m Ktence and mathematics teaching. 

be criteria of ade<)uate high school laboratories and equipment 

eveloped and furnished scliool authonues lor appraising existing facilities and 

planning nevy ones. no* 

Industry Schools Committee on Science and .Mathematics Education held its 
Y meeting on November 20. 1957. In the light of the current situation, 

niebi die teacher manpower situation, which we believe cannot be changed over- 
to d ^ .“8^ education alone, the members concluded that measures must be taken 
etenmne our existing local scieniific manpower resources, and to take action vvhich 
nectary to assure the most eihcieni use of this manpower by the entire com 
^At' industry, and military organiraiions particularly. 

P l”_extensive discussion, the following proposals were approved: that the Boards 
j . of Indianapolis and Marion County should be urged to make thorough 

i« of the competency of their teachers in grades one through twelve, to determine 
thes^'h"^* mathematics teaching potentials of their entire staffs; and further, that 
“'■ged to make whatever adjustments seem best to assure the most 
ive utilization of this teacher poieniial. and further, that they should provide 
Irom cost to teachers in saence and mathematics subjects at high school 
oth™'^ for elementary teachen as well as at college and university levels for 

ori'^* "ofk to supplement the uaining of the undertrained and to retrain those 
ginaUy educated in other fields Finally, that the Boards should be urged to grant 
pensation to these teaclicrs for their time spent in such course work. I would like 
that this only proposes an application to education of what industry has 
out u'”* along and what has been proposed and apparently will be carried 
^the national level and the international level. 

Qij , second proposal made yesterday is that the industrial concerns represented 
j , ® Committee proceed wiili a study of their own personnel to identify potential 
me might be made available for teaching assignments. A report of suggested 

assistance by industry witli the teacher shortage should be made at the next 
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The third proposal was that a study be undettaVen by this Committee of the 
retired military personnel in the area who might be competent in the fields of science 
and matheroaiics and inieresifd in teaching in secondary sdloo! or college with or 
without additional training These proposals are not all original; the importance is 
that we are adopting them for Indianapolis. 

The fourth proposal was that the CoramtUee and its sponsoring organiration draft 
a resolution to be addressed to our United State* Congressmen and Senators and to 
the appropriate presidential aide to ihe effect (hat the National Selecuse Service Boards 
should es.empi from military senicc all teachers Imnsed to teach and actisely engaged 
in teaching science and madiemaiics at the secondary school and college lesels. and 
further, that any such teacher now in the Armed Senices should be released on joint 
requesu of the individual and of the local boards of education or college board of 
trustees for such time as the teacher remains in satisfactory teaching sen ice. Finally. 
tJiai any jonili successfully engaged in college preparation for teaching saence and 
mathematics at the secondary school or college te\cl be exempt from military service 
during the training period and tor as long thereafter as he shall be actively and suc- 
cessfully engaged in teaching mathematics and/or saence at the junior or senior high 
school level or at the college level 

The Committee also proposed that local boards of education be urged to in- 
stitute a systematic procedure lor appraising the general educational development of 
all their pupils to identify those vviih scientific aptitudes, and further, that they de- 
velop mote effective means for counselling pupils and their parents regarding the 
development and use of these potentialities. 

1 wish to close vvith the thought tliai the challenge of identifying potential scien- 
tific talent among our children and youth, and of inspiring the needed numbers of 
these young people to prepare themselves for science-related vocations, must be met 
in local communities affoss the nation it is here that children live, grow, and de- 
velop their hopes and aspirations. It is here (hat they receive their early experiences, 
in and out of school, thwugh which all later learning is attained, ft is from Home 
tovvn, U.S.A, that tlie nation has aivvays drawn lu strength. It is from Hometown, 
USA. that it will draw its strength in the future. 


UPGRADING STAFF AND EQUIPMENT 

DR. NEHTOX G. SPRAGUE 
Conmllant in Science and Mathemalict 
Indianapolis Public Schools 

The Indianapolis Board of School Comminioner* appropriated approximately 
sixty thousand dolUn for science equipment and supplies during the 1936-1957 school 
year, for the 74 junior Iiigh schook (seventh and eighth grades) Money is one thing 
and converting it into usable supplies H another 

In the past several teacher committees had developed supply lists for the various 
units given m the junior high school science course of study. However, since each 
school was limited, at that time, to an expenditiire of S25 00 per semester, the lists 
were not very extensive, but they vvere the starting point. 

Other sources of information for teacher equipment and supply needs were Cur- 
riculum Bulletin No. 20, Science— A Guide For Teachers— Junior High School, and 
Curriculum Bulletin No 20 Suppletneat. Related Science Aclivcties— Junior High 
School. These are two publications which were developed during a period of time 
betvieen 1953 1935 by the junior high school science teachers of Indianapolis. Many 
of the activities given in the bulletins required specific equipment and materials. 
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Blueprints for community action 


The Oklahoma science 
education story* 


FROM ARROWS TO ATOMS 


DR. J.-VMES G HARLOAV 
Execulii’e Vice President 
The Ftonlters of Srt'^nee Foundation of Oklahoma, Ine. 

Professor and Dean 
College of Education. Unnersitr of Oklahoma 
^ Fronuers of Sdenre Foundsiion arc »ub»tan[iiJl% bnjader than 

u govern improtemeni of education in science and raathematicv 

^ ouaUy the Foundation vraa tet up to nio'e Ollahonia s population through a change 
in outlook uhich u-ould nomuU) uke one or i«o generations, ^^e are cr>ing to make 
uie c^age in jomething like fite tear^ We call iht> change entry mto the nen 
f foUouing \'annetar Bush's capuon of hi> famous report. Science-the 

. ' Our concern in Oklahoma is the deselopmeni of a iHcntieth centun 

order in stbich the central actiMts is explorauon ol the net* scientific and tech 
®ological frontlen. 

Our programs are orginued under three categones. public information. educa< 
programs, and instalbtions programs The public information programs are 
®«1 at the deselopment of a public attitude to permit the kinds of change in edu- 
die”'**" ^onomic, and soaat policies uhich ate netessar> for life m the last half of 
UeniieA ceniurj:. The educational programs are designed to stimulate improte 
rut in science and mathemauca education at all lesets in the States educational 
Intern from grade one through the graduate school* of the unitersiiies The insulla 
^ programs are to stimulate the deselopment ol science based industry in Oklahoma 
to attract to Oklahoma the kinds of industries s*hich are characteristic of die new 
iroRiiat. 

Incur public information programs, s*e nuintain conucts s*iih all the mass media, 
pmcipally the nessspapers, and some ssorl with radio and telesision But the spec 
things arc attempts to dcmonsmic directly s*hat ts meant bs the new frontiers. 
Cenesa .\toms for Peace Exhibit seas presented in Uie spring of J950 It s*a5 open 
*iShi days, and aimcted some 550.000 sisitors. Last summer we held a oneclay 
^posium entitled "Oklahoina s Xcs» Froniicis of Science: Industry and Education ■* 
addressed by ten ol the worlds ablest adminiiirators in research 
_^cducation. sesen from the United States and three from Europe This symposium 
P^^ted aowtls neser under I,f00 people, and the total attendance was nearly 5 OOO 

j . •' »«aicentennul exposition in Oklahoma this summer attracted rotishly a million 
^ * <iuaner people. .At that exposition a 25.000 square foot display building was 
* tn entirely to the interpretation of research as a process, with diipUys from the Bell 


presented al the Erzhth Iitstitnie of tfce Thomas .^t>a fd-wo fostadaisoo. 
155*. and pobUsbed by the rouoslitwn in pari{>fclet fora unoct l..t» Ulrf. 
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course [or them to lake, ceriain suggesiions to change this were made by a committee 
composed of the assistant superintendent in charge of curriculum and supervision, the 
consultant m science and matbematics, and two high school principals 

On February 26. 1957, the general jupO-intendent, Dr. H. L, Shibler, presented, 
and the Indianapolis Board of School Commissioners approted, the following resolu- 
tion' •' . . Beginning in September 1957 everv Indianapolis high school shall 
offer a science course to ctery 9B pupil, who, in the judgment of the principal, has 
the ability and the maturity to ptofii from the course. No later than September 1958, 
a new course m physical science be develojied for all 9B pupils wishing to elect it. 
svithm the necessary restrictions peruining to class size. For graduation from Indian- 
apolis higli schools, beginning no later than with the graduating class of 1961, there be 
required a minimum ol one jearof physical science and one year of biologica] Spence, 
one of which must meet the state requirement of one unit in a laboratory science.' 
This ruling will necessitate the construction of more science laboratories and the 
hiring of more good qualified science teachers 

May I refer now to the increase in our high school science enrollments. In the 
fall semester 1955, the science enrollment was 4,479 or 27.4 per cent of the total high 
school enrollment of 16 362 At a similar date in 1956, the science enrollment was 
5,575 or 34 7 per cent of the total high school ctiroHment of 16.075. This fall the science 
enroUmeni was 6 824 or 41 7 per cem ol the lolaJ high school enrollment of 16,346 
This shows a gam of 7 per tent fot each of the past two years Part of this is due to 
the School Board ruling of February 26. 1937. However, we are certain that a part is 
also due to the new emphasis placed on science ihrou^out the country and tn our 
junior high schools during the past school year 

Ac this pome, it roiglit be intercsiiiig to look at our changes in higli school science 
personnel during the past year Two teachers were lost to industry, three to vniverii 
ties, one to a private school and one to his own business On the brighter side, our 
high schools gamed four from the junior high, two from county schools, two from 
the military, and five from other sources The industries of Indianapolis ace to be 
complimented on their summer employment of science and mathematics teachers. This 
ij a lery imponanc way of helping the good teacher remain in the classroom nine 
months out of the year. 

With the science program gaming momentum, attention has been turned to an 
other important aica, M^ern Mathematics and Its Implications fot tfie Secondary 
Curriculum So far this fall we have had Dt Sawyer as a speaker. In December s*« 
will have another, Dr Ding A second p.-»tt will be a senes of five lectures, January 
through May. The meetings will be held after school. 3 45 p.m. 5 00 p.m. Seventy five 
teachers have already indicated a willingness to pay an enrollment fee of 57.50 for 
the senes This interest 1 am sure is due, in part, to "Seminars in Sciences" which w-ere 
paid for by industry last spring. 

An interesting experimental program is now m progress at Arsenal Technical 
Higli School (o appraise the powibifilfes for conserving more of the lesser-tafented in 
mathematics for technical level jobs The expenment is to determine the motivational 
value of the machine calculator in teaching mathematics As we look to the future, it 
IS planned that greater emphasis will be placed on student patticipailon in Science 
Fairs this year. Greater Use will be made of experimental science programs on television 
and radio Cooperation will toatmve and increase between the junior high school 
science teachers and the junior high industrial arts teachers who have helped supple- 
ment our science program this past year with units on electrical symbols, wiring 
diagrams, radio theory, wire splicing, etc 

We feel in Indianapolis that our pre^m will cxintinue to expand We hope that 
it will help correct the shortage in science and technical personnel which our country 
faces today If we can be of any assistance in the development of a similar program m 
your ‘home town," feel free to call on our resources. 
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Publishing Company, penonally financed the tsork leading ten or fifteen years ago 
to esublishment of the first elementary saence cumculura in Oklahoma. The 
Unhersity of Oklahoma set up a high school saence sen ice ten years ago to stimulate 
interest in secondary school science on a state-wide basis, with full collaboration amon®- 
the science departments and the college of education. ° 

All these actisities came together m the planning for Oklahoma’s semicentennial 
celebration held tliis year. When the OUahmna Citv Chamber of Commerce started 
to plan this celebration, it cast about for an exposition tJierae. and a real triggering 
operation was the result. Oklahoma is a young state— a first-generation state. Many 
of the men who literally built it are still alive and active. The nevs- frontiers of science 
pttnided an exposition theme which intrigued these builders. The result of their 
casting about was their discovery of the grave national problems in science and tech- 
nology. In the excitement of its chscoveiy, the exposition committee set up the Frontiers 
of Science Foundation, promptly promoted lour hundred thousand dollars to support 
It over a five-year pcncid, set the Foundation off on its course, and turned back to 
us business of planning the exposition. 

The Foundation has been in operation since October 1, 1955 Ii has a membership 
of roughly 130 individuals. Its money is coming from subscripuons by individuals and 
^business firms. It has involved the leadership groups in Oklahoma verv intimatelv. 
^e present officers include two major oil company presidents, and a major publisher; 
we Executive Committee includes two other newspaper publishen. two bank presi- 
dents, the presidents of our utilities companies, the presidents of our major univeni- 
ties, the chancellor of our State Board of Regents for Higher Education, the State 
Superintendent of Schools, and the superintendents of our two largest city school 
tJtteTO. Professional groups are represented through the president of die medical 
«wation, for example, representatives from the society of engineers, and to on. 
Tne Foundation is an organuacion which started right at one of the power centers 
of Oklahoma. 

From its inception, it has involved the principal dedsion making agencies in the 
State, and this is the reason vvhy we are able lo move rapidly on programs in educa- 
hon and in the development of effcaive public altitudes U'e are more nearly a volun- 
Uty organization than a foundation in the usual sense. 

lam new enough with the Foundation that I am snll wide-eyed about the dungs 
“«y are doing and plan to do. The Frontiers of Science Foundation is not concerned 
alone with the improvement of educaiiori m science and mathematics. Its dream is 
noting lesj than the creation of a disimnive scientific-technical innovative democraev. 

It is Working in an area of high national concern, and attempting to make a major 
tonmbuiion. 

It seems to me that the reason why we arc getting results m Oklahoma is that the 
talk of improvement of saence education is not regarded as simply the task of the 
tdiools. These problems are regarded as involving everyone in the State; the attitudes 
of people who vote for school board members arc important faaors in the dcvelop- 


'oeni of education programs which more nearlv fit the times in which we live. Instead 
of approaching our problems v«ith the idea of restnaing responsibJity to educaton, 
our school staffs are looking outward, they welcome into their long range planning 
Particularly, and to some degree into their shortrange planning, representatives of 
o^er sections of the society. 

In Oklahoma, we are iry'rig to restate our educational problem. Instead of talk- 
■“S a^ut hours in class or crediu to be required, wc ulk explicitly about what we 
Ofed in thj ^ population informed with respect to saence. Instead of requir- 

es high school physics of everyone, as a recent Callup poll reports most Americans 
a'or. we should recast this and ask what is the rock boiioiti of competencies in phyvia 
tffettive citizenship in the United Sutes. today-and tomorrow. The reavrn we 
to do more science in the schools is that there ts more Kience outside the schools. 
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TeJep))OJje Labor.iiones, IBM Research, the Fansteel Metallurgical Corporation, and 
so on, and about a half doien of the major go\erninental units, the OlTice of Nasal 
Research, Institutes of Health, the Patent OOice We also shossed (he best science films 
ve could get There svas a counselling center for^oung people, staffed with counsellors 
from secondary schools and colleges in Oklahoma Approximately 210,000 people 
visited the building, and the counselling center attracted about 2,400 young people. 

We arrange speaking opportunities for scientists and administrators coming 
through Oklahoma On rather short notice, we have gathered groups of six to eight 
hundred business and educational people to hear leading scientists, engineers, and 
administrators in research and engineering. 

Groups of our own people have been going at iheir own expense to s'isic major 
research installations all o\ er the country When it was decided to undertake a frontiers 
of science activity, many of out leaders thought they should see what a frontier of 
science looked like One of the oil compunjes provided an .lirplane. and groups svent 
10 the Argonne Laboratory near Chicago, to Brookhaven, to the National Bureau of 
Standards, and other major research centers Groups have also visited the Massachusetts 
and California Institutes of Technology and the Ramo-lVooldridge Corporation The 
Tenth Investigatory Tour, held this fall, went to the Stanford Research Institute and 
the Stanford Industrial Park on the West Coast These tours liave been among our 
most effective devices, because through them community leaders have become directly 
acquainted with problems ol science and engineering, and with problems of education 
in these fields. 

As education projects, we conducted one major talent discovery and curriculum 
assessment program through a state-wide testing pr^am of which hfr. Spencer will 
speak. Oklahoma has just published a new mathematics curriculum for grades one 
through twelve, work tor which was supported by grants from the Frontiers of Science 
Foundation It'e are distributing 24,000 copies cl « special guidance folder, designed 
to interest young people In science careers at all levels, from secondary school gradua 
tion clear through to the Ph D. level In October we had a two-day conference in one 
of our major universities addressed to the stimulation of inirrest In community science 
fairs 

We are maintaining an information service for all secondary school teachers in 
the State, Roughly once a month we mail a packet of materials to these people. These 
include speeches which may have particular relevance to our problems in Oklahoma, 
fleshly available guidance materials, suggestions about curriculum, and reprints of 
stimulating articles. 

In the installations activities, wc have been assisting our major research institutions 
in the development of adequate investigative facilities m each place. Within ihe past 
year, the Atomic Energy Commission installed two small research reactors at the Uni 
versity of Okl.iboma and at Oklahoma Slate Vniferstty. The one at Okiaiioma Slate 
is now in operation, and is the hub of a new program of training engineers in nuclear 
physics. IVe are currently seeking funds to establish a major numerical analysis center 
with a general purpose and research computer, rillier at the Uniiersity of OklaJioma 
or Oklahoma State. 

Two Urge modern plants have decided to locate in Oklahoma and have reported 
that their interests were sharpened by the activities of the Frontiers of Science Founda- 
tion These are a Western Electric plant, manufacturing the new crossbar relay equip- 
ment which 15 the central unit in the long distance dial netvs'orks. and the Fansteel 
Metallurgical Corporation's plant which will manufacture rare earth 

How the Frontiers of Science Foundation came into being is quite inteiesting 
For a good many years, many Oklahoma people were interested in the improvement 
of education in science and matbematics The Oklahoma Academy of Science has had 
an active High School Reiations Committee for more than twenty years. Tlie Chairman 
of the Foundation's Board of Directors. E. K. Gaylord, president of the OiJihoina 
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decided to do it, in as short a period as six weeks, the professional educators asked 
die individual high schools to come mto the program on a voluntary basis. In six 
weeks, more than four hundred high schools across the state, involving well over half 
the high school population of the slate, did come into the program. 

We tested over sixty thousand students in one day, in grades nine through twelve. 
The testing battery used is called the Iowa Tesu of Educational Development. They 
are generalized adiievement tests which are designed to measure not only what a 
student learns in school, but out of school also, in eight major fields of education. 

I will not say these tests are infallible, because they certainly are anything but 
that. The way we look on them is, although they are anything but perfect, th^ are 
probably the least bad evaluative devices on a broad scale that are now available. A 
number of longitudinal studies made with them indicates that their value for predict- 
ing later college success is typically quite good .As a matter of fact, one outside study 
done With them indicated that scores on these tests made at the beginning of the ninth 
grade were slightly better prcdicters ol later college adiievement than all the school 
grades put together at the end of the twelfth grade Combining school grades and test 
scores, however, are a better predictcr than either one of these individually. The cor- 
relations with later college success are typically in Uic middle sixties 

In addition to the Iowa tests, one oilier experimental attitude questionnaire was 
used to attempt to reveal educational expectations, m order to cross-tabulate test scores 
"idi whether the students expected to go to college or not, and to find the omcal 
cases on whom most of the work needed to be done This work, by the way. was done 
hy Dr. Samuel Stauffer, the Director ol the Laboratory of Social Relations at Harvard, 
and in part subsidized by the Ford Foundation 

Briefly, the results of these tests indicated iliai Oklahoma was slightly below the 
national average in terms of educational development Furthermore, at the high school 
level, they were not growing quite as fast educationally as were students of the high 
school level of the rest of the country. The thing that really excited and gratified me was 
that, instead of being defensive about these findings, the state teacher committees set 
to work immediately to find wajs of improving the curriculum, both in the area of 
rnathemailcs, and also in the field of English. Another finding that was exciting was 
that more than seven thousand students vvere found who rated in the top twenty 
per cent nationally in science and mathematics tests 

One other thing was done that later proved to be one of the most important 
motivating factors, although we did not think about it in this connection at the time. 
•Mr. Dean McGee, who is the Fresidenl of the Kerr-McCee Oil Industries, and Chair- 
man of the Oklahoma Frontiers of Science Foundation, sent personalized letters to 
all of these seven thousand very bright kids The result of that letter proved again 
^at results that arc possible through motivation arc much larger than we usually 
think. It demonstrated again that many students literally do not know that they are 
“tight, and neither they nor their parents realize the career consequences that can 
“ccur as a result of trained intellectual brilliance. 

Generally, psychologists do not consider that it is good policy to communicate to 
t'udents directly, or their parents, Che results of intelligence tests per se. The reason 
S'ven is that if a student is not briglil, nothing can be done to improve it. As a matter 
of fact, that really is not so. The way we broke througli this barrier is to be careftil 
'•ocall these tesu that we use educational development tests, and to make die point 
‘hat anyone can improve if he works harder, which he can. 

It happens that embedded in this battery of nine different tesU making up the 
fotva Tesu of Educational Development are all the elemenu we usually call intelli- 
Sfote tests. There is a distinction between what we call intelligence tests and what vse 
achievement tesu, but even what we call the purest intelligence test can contain 
? lot of learning (acton in it 1 wovild UU to see the term ••intelligence tests dropped 
"* “Jiools, because what has previously been a negative thing can be turned into a 
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A great ouUay of money, at least in this case, was not the ley to geitins this pro- 
gram off the ground. The total amount contnbuted bv businessmen at the beginning 
nas four hundred thousand dollars lor fixe years, or about eights thousand dollars a 
year. This money was raised in a sery short time sshidi was impressise, but this is not 
a large amount as support lor programs of this Lind goes. 

As far as the talent identification program nas concerned. on!v fise thousand 
dollars was contributed by the Fromiers of Science Foundation Oesond that point, 
the schools did it for themselses. The point again uas that die meld between the edu- 
ational leaders and the business leaders and the enthusiasm that became infectious 
in the interaction between these two groups. 

Still another aspect of this financial situation was that m getting the program 
going and getting the students later to go on to college, scholarships plaxed almost no 
part So often the first thing we think of and the first thing businessmen think of 
when we want to do something is to gixe some scholarshi}H to see d we cannot get 
note of these bright kids to go to college Oddis enough in Oklahoma there was no 
enthusiasm for this idea among the businessmen; in (act there was a distinct feeling 
among many of them that scholarships might be bad, that this would produce attitudes 
of something for nothing or that the world owes bright kids a In ing I’ersonallv I think 
that this position is loo strong. Nesertheless. it is most important to note that m our 
fint follow-up study the following fall, of the four hundred students who were bright 
«t in the twelfth grade in the spring. JIC of them did sun to college that fall, and 
many of the other eighty-four still planned to go Less than twenis per cent of these 
jwned Kholarships or other substantial financial aid of any kind, and a greai num- 
of these students came from poor financial ciroimstances 

I suspect that as we go along we are going to find inaeasinglv that motnation is 
much more imporunt than we base presioush thought, and that lack of mones is 
®fien a serbal crutch tor kids who do not w^nt to go on to college or later want to 
drop out of college for other reasons. What we need to do is to find out, through 
mtenshe insestigaiion, not just b\ questionnaires, much more about the assumptions 
on which these decisions are based. 

_ We learned in Oklahoma that it is imponant when we enter these programs not 
Jo interpret the program too narrowly, not esen to sas that the program should onlr 
W for future mathematicians, scientists, and engineers. W’e did rcstrin the program 
•n Oklahoma, and I now conclude that it was a mistake Most briglii siiidentt are 
Very idealJitic and highly malleable. 1 could tell sou aliout other experiments we hast 
fstn in other cities, where in a short time we base been able to increase the numWr 
*ho Wanted to go into any gisen occupation in the field ot the sciences bv as much as 
^fty per cent. kVe are beginning to suspect that this sort of prosram is too namiwls 
^teisrd. and can produce later backlash. Furthermore, none of us who are in this 
are omnipotent, and it u cass to male mistakes 1 think a much betier approach 
“ «o start out by attempting to enlarge the total brainpower pool, and prosuJe goo.1 
‘’"inselling once we hase identified the bright students. 

UTien we say the only imponant jobs to consider now are science and engineer 
•'’S- immediaielv we set up cosert opposition, esen if it docs not become set bal. among 
P«>p!e in other'professions or other fields who also feel a shoruge of bramposver For 
•nsiatice. my own company needs many more good psschoh>gists than we can get A 
'ear agn I made a talk before a professional group on the need for scieniisit. Ijict I 
* choleric letter from a lassser who said that his law firm nreiled go-nl sr«ing 
sery badlr, and he wat not going to luppcwt anv program m which the law 
‘‘bools did not base a chance. 1 might add that certainly there is an cn-irmous ne^l 
gocwl teachers in any field. 

f^flaird also to this subject is that in the training programs for tl.ese Inig'.l kw.s. 
when We do gel them into science, we want to be sery careful that tJieir train- 
ptogTams arc not inicTpicied loo narrowly. U'e just finished a longitiK.iful. sis 
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very positive and rewarding thing, »hen the student who receives a low score is en- 
couraged to bring It up with hard work 

One o£ the results of the tests was that the following fall there was an increase 
of around twenty seien per cent in enroUment in science classes ih schools that had 
participated m the program the previous spring There had also been a great deal of 
publicity about the program, and there was an increase of nearly fourteen per cent 
m science and math class enrollments m the schools that had not participated. Again 
we think this v.as largelv due to the resulung publicuy, because there was relatively 
little guidance work jct being done tn Oklahoma This was achieved mainly by class- 
room teachers who buttonholed bright students when they came back to school in 
the fall, and said, ' If 50U doni take the hard courses'— and they did not have to— 
'you are only going to be hurting vouiseU in the long run" This sort of argument 
makes sense to kids and it also makes sense to parents. 

In terms of individual careers. 1 felt st was even more touching. There was one 
girl that came m the upper five pci cent of all the students nationally on these tests, 
who had been in an orphanage for a number of years. She showed her aunt the letter 
that Dean McGee had written her Wiihm a month, her aunt and unde adopted her. 
They could have done this anv tune in the previous ten years, but apparently the idea 
that they had a bright child in tlie lamily was such a stimulating thought that it pro- 
duced this major clunge Another example that appealed to me was a junior who was 
the star football plaver in one of the suburban schools near Oklahoma City, and foot- 
ball IS no: a subject that is entirely forgoiien in the State of Oklahoma. It turned 
out that he was in the ninety fourth percentile on the Kience and mathematics test. 
Up Co that ume, he had not been taking an academic course, and he bad not planned 
to go to college As a result of the test results and some good counselling afterwards, 
he decided chat he was going to become an engineer But he was told he would need 
four years of mathematics to do (his He had only had one year, and had already 
stopped Caking math, and be only had two years or even a little less than that in school 
before he was going to college, if he was going to do it. He changed his whole course, 
taking intermediate algebra at school, and he also took trigonometry and solid geom^ 
try by television on his own One semester later when we checked on him, his grades 
were averaging K minus and he vias still a good football player. 

1 have only mentioned a fewr examples, but they are by no means unique. They 
are only illustrative of the major career changes and motivational changes that can 
be produced in young people if a talent identification and counselling and guidance 
program can be set up 

I would like to mention some of the major implications that seem to come out 
of this Oklahoma experiment, which are generaluable across the country. I realite 
that many of these points are quite controversial, and I am quite sure not everyone 
would agree with some of these poinu. 

The first one is that if this sort of program is going to get off the ground in a 
community, in addition to strong support from educational leaders, absolutely vital 
is the major support of the thoughtful, big business leaders in the community. This 
impressed me very greatly in Oklahoma. This was not lip service support This means 
inviting educational leaders into the homes and private clubs of the businessmen, 
where they got to know one another, and develop the kind of trust which I 
has not been produced before. It is also essential that when businessmen get involved 
in th« sort of thing, they give their support but not try to get down to the howtodo 
eve in working out programs of improving a science eurticulura. 

Atwcher thing that I ihmfc had some ttUtionship to the success of the OUahoma 
pro^m was ^at. at an early stage, tnitude recognition of the program was also re 
ceived The National Science Foundauon came through within the first SK months 
wth a grant for ?250,000 to set up a year-long institute at Oklahoma Sute University 
for the training of science and matbeuiatics teachers. 
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year tollowup study of students whom Sticnte Research Associates had tested in the 
twelfth grade. We followed them all ihe tray throoglt college to find out uho were 
the briglitest ones, who did best during their four years of college In the area of 
engineering, just as one example, we found that those who were going to be success- 
ful, whether they were C students. B siudenu, or A students, had to be very good. 
They had to be in about the top four per cent in their science and math tests But 
the tests about the engineering students that really discriminated between those who 
graduated as A students and those who graduated as C students were the scores that they 
had made on reading comprehension »" the field of English literature. 

It is quite esident that much mmx basic researeft in this ficltl is needed on a 
longiiudinal basis The testing progratn iti Oklahoma was clone for grades nine 
through twelve I am now coiiMncrd it should base gone down at least to the seventh 
grade and prohablv much fuiihtr Ihere is » great need at Chit time for an evaluation 
and assessment througli iht «omt iimiinuum— starting maybe at the age ol six months, 
through kindcrgaricn elcmtniary school, high school, college, graduate Khool, and 
on into tlie diitmguuhfd ritejuh laboraiorut of our eouniry—iit find where are the 
places that, il vve .ipph pressure we can have the maximum impact in changing their 
careers, getting them more serioudv motivated to want to go on with their study and 
work. 

I cannot help but have the feeling and I get it increasingly, that particularly 
those of us in the (itiil of education need to be much more decisive than we have 
been in getting programs of this son siartevl. Wc need in act more and possibly to 
talk lest We nud to set obiccnves and start out after them without loo much secoiid- 
guefi//rg and K//eJo<iifi i hare seen to many programs <htt sppeami M fiase grrti 
promise come to nothing beuuve those who were tunning them were really motivated 
more by fear of making (lovsilily wrong steps than they were by desire for action. 

In ihc biisiniss world vi>u sec all the iinn ihe iraditiim of progress that rxitis 
there In mo>t buvincwev giuwib is taken as a matter of course. It hat been said that 
the three per cent aiinuii inciraNC m latMir proituttiviiy per year is the most fm]>nrian( 
iiugle statistic underUuig mii economy I often feel ibai this tradition ol progress is 
somewhii lacking in the field of education, aliltuugh jvnsvibly not for any rea»ns 
for which we are revpinsiWc Lihnaiors have been oniciml so ftequetnly that de- 
fensiveness has ofuii resuiteil We ate tos frequently in the jsovliion of having to 
prove tfiai ediic.uion has not deienoraieit in the fast generation, rather than taking a 
positive v,i w ih II ji IS good now and we have Ms of vvaji to male it get better. 

f in.illv It ni IV jusi be possible dm our tuning now iv Tighter than it has ever 
been before (o maki ineavurable progress in the future. 1 like Mr. Kenering’i restate- 
ment of the siiond law ol ihcriiwHljtianiio. shat you nin't pudt sotnrihing that is 
moving l.isior ihaii you are I hope that ilm is not the situation these days, particu- 
larly between (he Viutnl Slates and Rvissia. 
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Data, classification of. 22 
explanations in relation to. 21. 23 
generalizing from, 22 
interpretation of. in test. 407-08. 410 
observation of. Ill, 112 
vs prejudice, 106 
Deason. Hilary. 452 

Demonstration, classroom. 43. 44, 128, 129, 
131.476 77 

Detroit, science education in. 532-39 
Deselopmental tasks, 87-89. 91, 105, 106. 107 
Diagnosis, evaluation for. 388 89. 404-15 
Discovering, of rapid- and stow-Ieaming 
pupils. 165 

Discussion, classroom, in democratically 
planned teaching pattern, 80 
for science shy. 157. 158 
Dutrochet. Ren4. 136 
D)-namic logic, 23/. 

Earth science. 324. 325, 338, 339 
Edison ^Thomas Alva) Foundation, 550 
Educational Policies Commission. 370 
Educational Testing Service. 597, 433. 455. 466 
Ehrlich, Paul. 47 
Eight-Year Study. 884. 405-07 
Elementary school, forestry integrated in 
curriculum of, 204 
general scienee In, 327 
•eienee in, 94 95, 206 
and characteristics of children. 232 33 
content of. 225-30 pass 
emphasis on, 222 

high school teachen' role in improving 
teaching of, 233-35 
and learning by children, 232-35 
methods used In teaching, 229-32 
in Minneapolis, 374-77 
in North Carolina. 225 
objectives in. sample, 94 
in Ohio, 225 
in Pennsylvania. 227 
purposes of teaching. 222 25 
ijpes of programs for, 225-33 
Empiricism, 14-16, 23 

Enrollments, science, 203, 465-66, 467, 468. 
«9. 470 

nuipment, information gained through, 24 
•nr projects of science prone. 195 
re aho Science facilities: Laboratory 
test. 395. 396 97 
Eureka." 118 22 pass. 

'aluaiion. for achievement, 388. 389, 399-404 
and behavioral objectives, 390. 392 
^ve study in, 424-32 
•nr diagnosis, 388. 389. 404-15 
°'\**^'”''criess of teaching procedure. 389 
and observation. 393 95 
nr prediction. 389, 416-23 
purposes of. 3SS 92 


Evaluation (Com ) 

teacher participation in program of. 427-28 
techniques of. 392-99 
See also Testfs) 

Evolution, social impact of, 451 
teaching of 238, 243, 247, 255 
E\amination(s) See Test(s) 

Exhibit case. 505 
Experiments classic, 487 
control. 40 41, 141 
design of. 38 40. 44^ 
in differentiated laboratory uoik. 186 
"mirabers" of, 42 44 
"original," 487 
in school latioraiorv. 139^ 

“worthuhile," 41 42 
Expert, and science teacher. 522 24 

Faaliiies See Science facilities 
Fcderaiwn of Science Teachers Association 
of Ne« York 192 
Field covering, 89 90 
Field trips. 490 92 
in astronomy. 492 
in biotogv 251 

as characteristic, of good science program. 
$67 

in observing scientists. 46-47 
plant life, in siudv of, 491 
with science shy. 157 
sound and music, in vttidv of, 361 
Films. 479-81 

directory of distributors of 481 82 
for general science course, 333 
for physics course. 297 
on scientific work, 47 
Filmstrips, 483 84 

Ford Foundation, Advanced School Stud) of 

183 

Forest Hills High School (N Y >, 49, 63, 65 
148. 171. 178, 190jf, 195. 324, 380, 419 
Forgetting, and erasing of subsequent learn- 
ing. 318 

Formal logic. 23/., 47 
"Four years of science," 282-85 
Fieud, Sigmund. 237 
Froebel, Friedrich. 259 

Future Saentists of America Foundation, I9S. 
499 

Galileo. 28. 307, 308, 316. 393 
General education, in science, in elementary 
school, 223 24 
trend toward, 214-17 
General science, coursefs) in. 148. 207 
and children's exjieriences, 323 24 
and conceptual schemes. 335-37 
and tore program. 321 22 
development of. 3168. 
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Lesson (Cent ) 
lecture as, 136-38 
library, <85 
middle of, 131-35 
pattern of, 126-43 
for science shy, 155-58 
pre Eureka, 127 
recitation as, 138 
Lesson planning, 126 45 pass. 

for concept formation. 120 22 
Lbrary, professional. 516-21 
Library lesson. 485 
Liebig. Justus von, 23n. 
Linnaeus. Carolus. 22 


Manufacturing Chemists Association, 527 
Material side of science, 450 
Mathematics, courses in, 182, 183, 184, 191 
creative vork in. by student, 181 
curricular track for. 66. 67 
<fon« by student. 184-85 
enriched program in. for sesenih and 
eighth grades, 218. 219 
high school enrollment in (19S1). 206 
paperback books on. 520 21 
phislcs related to. 147, 811-13 
Ruisell’i view of, 52 

KOfei in, by science prone student, 171 
by science shy student, 148. H3 
and student clubs, 183 
trend louard increase In use of. 21314 
Mean score, In test, 442 
Medun score, In test, 442 
Mendel, Gregor, 28, 237 
M«lu tnck curriculum, 66-69, 217-19 
Museum. Khool. 190, 335 


Rational Association of Hiolog) Teachm, 351 
^aiional Association of Manufacturers. 527 
Rational Education Association, 256. 581, 474 
^Mional Merit Scholanhips, 186. 527-28 
•^alional Saence Fair, 528 
^aiional Science Foundation, 293, 528 
•national Science Teachers Association, 197, 
256.528 29 

• ew lork Association of Biolocy Teachers. 

192 ^ 

^onnal distribution, in test stores, 412, 445 
leaching of. 238 
•'utniion. leaching of. 252 


®i'J«tisei. behavioral. See Behavioral objec* 
n for. 29 


®^rvjtion, correct operation 
“tis Itased on. Ml. 112 


''levant, teaching of. 38 
Jiudcnti, 393-95 

Kience education ii 
rP'" mindedness. 100 
P">iion. ••correct.* 29 


Operation, •’correct" (Com ) 
teaching of, 37-38 
scientific, observation of. 46-53 
Oveigencralization, 22 

Paperback books, 519 21 
Parent Teachers Association, 514, 516 
Partiapalion. tunning, 121 45 
Pattemfs) in teaching, and behavioral objec- 
tives. 97103 

of biology courses. 241-46 
of chemistry courses, 261-68 
class within. 66 69 

democraticallv planned, 78 82 81. 105, 153 
dominating. 72 75. 81. 102 
of general science courses. 317 22 
iaissez fairc. 75-78. 81. 102 03 
and lesson plan, 126 43 
of physical science courses, Sll 
of physics courses, 288 302 
iviibin the science curriculum, 377-81 
for science shy. 154-62 
Persistence, and science pronenrss 169 
Philosophical impact of science, 451 
Philosophv of science, paperback books on, 
51920 

Physical Absf'Ms, 193 
Physical science, course in. 340 41 
skills in, 402 

Physical Science Study Committee, 293 99. 370 
Physics, classical, 431 
coursefs) in. 66. 68. 69, 147. 163, 207, 238 
advanced. 182, 207 
applied. 299 301 
changes "to come" in, 291 90 
college, changes in, 291-92 
college preparatory. 289 91 
and conc^tual schemes, 302 03 
development of. 283 68 
films for. 297 
flavor of, 308-09 
frames for developing, 302-08 
hivloncal approach in, 307-08 
and kits for sludmiv, 298 
laboratory in. 286. 309 11 
manuals fur. 297-93 
and mathemalics. 311-13 
and needs and interests, 306 07 
outline of. 299 
patlcrtis of. 302 
and problems. 305 06 
for science shy, 151 

special consideraiions in teaching. 308-13 
tests for. 298 
and leslliool. 2*8 89 
and topics, 503-05 
differentiated aMignmmu in. I«5 
ncample of limited objective in, 100 
high stliool etvroMmenis in 203 

203. 200. 207. 210. 418 
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Cfneral saence, cours<r(5) m (Cent) 

enriched progtain m, for terenth and 
eighth grades 218 19 
enuronmeni centered SIS 
at Forest Hills High School, 190 95 pan, 
321 27 pass 

frames for deieloping 323 37 

materials for S27 28 

m Neir lork Cits, 333 35 

in Nets \otk State 330 

and objectises 327 29 

patterns of 317 22 

and pofici, 323 ST 

for Kience sh>. 151 

and scope and sequence, 329 35 

speaal considerations in teaching. S3T 

as subsliiute lor speaal sciences. 325 27 

substitutes for 321 23 

sune). 319 

understanding the modeni-«»orld. 319 21 
high school enrollments in {1590 1956). 203 
207 

skills m 102 
lest scores in, 118 

General Suence SvlUbtis Cocnmutee. New 
York Clt), 328 29 

Generalization approach, to curriculum con- 
siruciion, 90-91 

Genetic factors, in science proneneas. I$A. 
171 72 

Genetics, teaching of. 238 
Ceolog), 238, 520 

Gifted student See Sciente-prone student 
Grade*, based on pat value, 423.2$ 
final, deteniiinaiioni of, 425 
m honor program, 195 
for science ihv 16301 
Graduate Record Examination, 414 
Grevf, S'eheniiah, 23 
Croups, olueriation of. 391 
speaal, of science prone studrMs, 382 M 

Hall, C S , 237 
Harvard Case Kisioties. 48 
Harvard Conference {19!}). 471 
Harvard Report, General Educiiuon sn a Free 
Society, 269, 369, 370 

High School of Music and Art (» 8 v ig| 
High School Traveling ScierKe Ubrat* Pro- 
gram, 316 

Historical perspective, and modern oiienta- 
iion. 91 

History of science, paperback hooks on. 519- 
20 

Home economics course. 238, ?J6 
Homework, See Assignments 
Huvley, T. H. 237 
H>pothesis(es), 12. 19, 20, 40 
accepted as theory. 25 
elicited by questioning, 133 


Ilypotbesis^es) (Cont ) 
ehmisiating. 22f. 
formulating, 22f. 
testto^ 19. 20. 23, 39 

Imitge of scientist, among high school stu- 
dents, 452 6'> 

Indianapolis, science education in, 541-48 
Instrumentation See Equipment 
ImelligeiKc, as inherited characteristic, 131 
Inldlrgeoce teiM, 60, 63, 61, 1 47-55 paw., 171, 
172, 175, 282 

fntesCigatfeit. in rfiss, 3' -IS, I31-3T, I39ff. 
open endednesf of, 29 
Redi's. analysis of. 17-21 
foua Tests for Educational Development. 431, 
433 

IQ scores See Intelligence tests 

Journal of Chemical rdunlion. The, 498 
Journal of General Education, T/ie, 216 
Junior Engineering Technical Society, 527 
Junior high school, core program in. 363 
forestry integrated in curriculum of, 201-05 
general science in. 327 
sciente in, 206, 374. 375, 876, 377 

laboratory, in bfotog), 2Si-52 
in chemistry, 274 75. ST6 80 
and tiovs/oom demonstration, 44, 12S, 129 
common ingredients of, 37 
development of, in Minneapolii, 511 14 
dilfeieniiaied work in, 186 
empiricism in. 15 
m phfiia, 288. 309-11 
pUiining, 126 
ponable, SIO 

(rend toward increased work In, 209, 213 
and Vvotkbooks, 187-89 
See a/to Science facilities; Fquipinefit 
loVowoTf ietfoff. /33-/J, 13089 
I aboraiory squad, 81, 501-01 
Language, of science, 294 
Lavoisier. Antoine. 259. 487 
Learning, an elementary school, 232 53 
elements of, 114-18 
onti "Eurekar," 119 22 
See also Concept altainraent: Pattemfs) in 
leadiing 

teaming sUualion, 114, 1)3, 122. 130. 131, 
136 

Lertore. 135 
as lesson, 136 S3 
Lesson, aim of, 131 
before beginning of, 126 30 
beginning of, ISO 31 
enrl of. 135-56 

extended by means of assignment, 136. 153 

laboratory, ISS 43, 486-89 

and laboratory approach, modified. 127 50 
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Sdmce Xru’i Letter, 68. 495. 49S. 530 
Science program, multi-lracl., 66-69. S17-I9 
total. 327 

Sdence prone student, 62. 67, 82. 118 
and activating factors. 170-71 
ecaluation of. 176-77 
and advanced course, 182 
and advanced school. 183-84, 207 
case study of approach to leaching of, 187- 
93 

chatacteristic behasior of, 178-80 
in class. 187-83 
cunicular policy for, 180-84 
and genetic factors, 168 
CNaluation of, 171-72 
and independent school, 181 
and individual differences, stimulation of. 
185-86 

nature of. 168-78 
and persistence. 169 

and predisposing factors. 169 70, 174-75 
evaluation of. 172-73 
project work. 192-93. 193 
and questing, 169 
and schools, types of. 183-84 
and ipedal course, 182 
and spedal Khoot, 184, 207 
and spedal group, 182 83 
teaching method for, 184-86 
Sdence Research Associates. 431, 433. 435 
Wenee Service, 499, 500, 529 30 
Science shy student, 61-63. 67. 82, 153 
approach to teaching, 150-6-1 
tlasi organited for, 150-51 
carrinilar design for. spedal. 154 
grades for, 165-64, 426 
luidanoe of. 151-52 
in heterogeneous groups, 162-63 
intelligence of. 147, 149 
and interest in sdence, extent of, 147 
ieoon pattern for. 155-58 
nature of, 146-19 
and pattern, of da\. 159 
of lesson, 155 58 
»P<dal teaching. 154-62 
of '‘eek, 159 61 
planning course for, 152-55 
prior preparation of, 148 
program organiied for, 150-51 
progress report on. 162 
and reading for meaniog. 159. 160 
rpecial curricular design for, 154 
*P«ial leaching pattern for. 154-62 
tpecial techniques for. 161-62 
roence Talent Search, 179. 180, 186. IM. 399, 
499. 530 

«en<f Tracker, The, 108, 400. 435 
Teacher Insatuies, 279 
«roce TTorfd, d93 

American. 63, 189, 495, 493 


Sdentihc aiiuudes, 30 32. 43, 100. 415 
Sdenlific methods. 11-14, 31, 32 
Saentists, biographies of, 47 
evaluation of ovi-n methods. 51-52 
high school students’ image of. 431-65 
as human beings. 53 55 
investigations by, 17-lg. 19, 21. 49 51 
in notioB pictures, 47 
need for, 449-50 
observing wavs of. 46^' 
papers frepons) bv, 23, 47-48 
Scores, test, interpretation of, 442-47 
Seating, differentiated, IS5 
Self correaiRg nature of science. IS, 28-30. 47 
Sequential Tests of Educational Progress. 445 
Sfolls. in science. 402 

Slow leamec. 147-49 See also Science-shv stu- 
Sodal studies, 419 

in elementarv school, science content based 
on. 227 

Socrates. 132. 587 

Sound and music, approach to unit on, 352- 
55. 556-61 

Souiheasiem Conference of Biologv Teachers, 
R^n of 244 

Standard deviation. 443. 444 
calculation of, 446. 447 
SiudeDi(s). acclimation of, in laboraton, 4S6 
and tehaviora) objectives. See Behavioral 
objectives 

bright, disiinguisbed from gifted, 189 
classroom partidpaiion of, 391 
cumulative record of, 393. 395 
differences in. stimulation of, 185 86 
gifted. 189. See afio Sdence-prone student 
and teaming theorv in relauon to concept 
formation. 114-18 
observation of, 393 95 
rrporl bv. 497 

in science clubs, 65. 63, 69. 183, 190, 500 
saence prone. Sec Science prone student 
science-shy. See Science-shv student 
scienttsc portrayed by. 451-63 
and shating in testing, 426-27 
“test-conscioiis.” 388 
testing See Tesl(s) 
tests scored by. 437 
See also Teacherfs) 

Stuyvesant High Sdiool (N. Y.), 1S4 

Teacherfs). beginning, 101-02 
and behavioral obj'ecli'es, 91-93 
and “conlrnveisial- topics in biology, 252 
55 

demand for, 469 70 

and developmental tasls. 87-89. 91. !05. 
106. 107 

in evaluau'ou program, participation of, 
427 28 
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Ph>5ics (Cont ) 

mathematics related to, 147. J)l IJ 
modern, social impact of, 451 
paperbacl. boobs on. 519 
sbiiis in, 402 
subtlety of ideas in 30d 
test in. sample, 42S 31 
test Items m, 434 35 
P/iyucj Ti>iier. 498 
Pb^siologv, 257, 238 240 

Plants and encironment. approach to unit on. 
350 52 

Foincarif. ffenri, £l 
Popular Seience, 494 
Prediction 13, 15, 25, 30 
evaluation for, 389, 416 23 
precision of, 24. 25 
quantiiative, 24 
testable. 42 

Predisposing factors, in science proneiiees, 
169-75 

President s Committee nn Scientists anil En- 
gineers 529 

Pnestlev Joseph, 239, 487 
Primsrv Mcmal 4bilmes Tests. J7l. 172. 1*9. 
404, 431 

Problem, stating of, 59 

Problem seeking, 112 113. 114, |I6. >17 119 
122 

Problem sohing, S6 27, 32. 91. 1)2; 1)3. 1)1. 
117, 119, 120, J22, 131 

Progressiie Cdncauon Association. 99 ami n 
Projecidl 90. 498 99 
for science prone, 192 93, )95 
"Thinking,' of Uniiersiiy of Itlinois. 133 
Proof understanding nature of. 412-14 
Psychological Corporation lest], 171, 173 
Ftycholog) course, 239 

Qualitaiise mformaiion, 2), 2s 
l^tnlasiiie frren'Aarrenr, S4 
Quarter/) of Biology, the, 189.498 

Que«Iing, and science proneness. !69 
Queitiomng techniques. 131 3.5 

Radioactive fall-out, problem of. 274 
Readiness 114-15, 116, U7 
ReadmR(s) 80 
foe meaning, 159, 160 

Reading scores, 60, 63, 64, 148, 150. 153. 17l. 
172. 173 

Reading skill, in science, 399. 195 94 
Recall. 400 02 

"cheap" and "expensive." 41)0 01 
Recitation, as lesson, 138 
Redi's imcstigaiion. analysis of, 172I 
Regents Examinations, New lotk Slate. 271 
and n., 281. 326, 424, 4?5, 427. 443 
Relativity", social impact of. 4Jl' 


Report, adentisl's. 23, 47-48 
student's. 497 

Reprodiiciion. human, teaching of, 252, 253, 
254 

Resource 61e, 535 30 

Resources, tonsersing. utiliiing. 107 03. 274 
Response, definition of. 116 
Russell Sage Foundation, 91 
Rutherford, Ernest, 28 

Srfileiden. Matthias, 130 
Scholarship, through sllmulaiing tests, 428 31 
ftv .TiW [tjlitaiion Reailinest 
Scholastic Aptitude Test. 417, 445 
School, elementary. See Elementary school 
junior high. See Junior high school 
Sehoof £j/e, 256 
Schwann, Theodor, 136 
Science. 68. 199 

Science Achievement Awards Program, 329 
Science clubs, 65, 69. 69, 183. 190 
Science auhs of America. 529 
Science cumcvlum. and changes in purposes 
of instruction, SOS 
continuity of. 202 07 
core pawern In. 378 79 
eorrelatlon of subject areas in, 209 
diiersificatfon in, 207-08 
flood problem related to, 212 
toresm Joiegraied into, 20J-05 
(ixir tratV, for full range of students, 985 R6 
four vears-of science pattern in, 979 83 
and general educaiton, 214-17 
iiidividualitailon of Insltuclion In. 208 09 
laloraiory work increased in, 209, 219 
tong term planning of, in Maryland. 360-68 
ir* Minneapolis, 374 77 
and nitlbematlcs Increase [n use of, 213 I) 
mulii track. 66 69. 217-19. 425 
paciernt In. 377-81 
revision of, appriach to, 3&4-7D 
as continuous process. 372 
implemenring. 572-75. 576 77 
and long term polici. 565-70 
and planning, approach to, 571 
process of. 370 76 
and research. 367 
and soeiice as wav of life. 214 
standard sequence pattern in. 377 
substitute course pattern in. 378 
trends in development of. 202 17 pa^- 
See alio spenfic science courses 
Science Edueation, IDS 
Sdence faolities, 506-14 
directory of suppliers of, 514 15 
See also Laboratory; Equipment 
Scienro fairs. 192. 500. 528 
Science Master's Assodatioii, British. 323 an 

Scmice-malh honor class, 191 
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Teacbfrfs) (Cont ) 
and expert, 522 24 
field coxenni; by, 89JfO 
future need for. 471 
and generalization approach, 90 91 
importance of, 46G 
journals of interest to, 518 
and lesson planning Sre Lesson pUnnHi^ 
magazines ol interest to, 518 
need for. 465-71 
objcctiies developed by, 105 08 
placement of 470 472 73 
replacement of, 473 74 
responsibilities ot, 53 55 72. 196. 418 
and science in elementary school, 233 55 
science prone jtodcnt sliisulated by, 170, 
176, 177, 184. 185, 193. 196 
and saente shy I50ff 
supply of, 470, 472 74 
tools tor, 475-530 

Sre also Learning. Sfudenifs). Palleroft) in 
leaching 
Teleology, 26 

Teit(3). on appKing principles of soence. 410 

12 

and atCKudes conard seieitce. 415 
blueptinling. 435 36 

CEEB Set College Entrance Examination 
Board 

completion items in. 438 39 
crlceria of 437 38 

of Developed Ability in Saenee. 419. 420 23 
diffeieniiated, for rapid learners, 186 
diHieiiltv of, determining 440 
and discriminating pother of iiem in. 441 
ratay, 393. 396 97 
guessing in. 440 

improvement of. notes and bints for, 435H0 
intelligence, 60, 63, 64, 11?^ pass, 171, 
172, 173 

fmerpretation of, 4404? 
on interpretation of data. 407.08, 410 
ileiD analysis of, 440 42 
matching items in 439 
mechanical details of 436-37 
multiple choice items m, 401, 439 
-norms of 445 
ob|ecli\e, 395(7 
•praclicar side of, 414 15 
preplanning, 433-36 

Pniuary Mental Abilities, I7J, 172, 178, 
404, 431 

for reasoning. 40J 04 
recall items in, 400, 401, 438 
reliability of. 392, 393, 402, 440 
Sekolas.-ie ApfianJe. -fir, ^I5 
scores in, interpretation of, 442 47 
and sharing by students, 426 27 
for sWilli, 402 03 

sources of infonnation on, 432 55 


Test(s) (Cont ) 
stand-aid, 431-32 
and standard deviation, 447 
for stimulating harder study, 428-31 
subjective, 395(7. > 

"trick'’ questions in. 458 
(rue false keens in. 400, 438 
on understanding nature of proof, 4]2-)4 
yabdicy of. 392, 402 
See ttfso Evaluation 
Textboi^s, differentiated, 185-86 

sUjtr changes in. 90 
supplementary, 493 
uses of. 493 94 
m laboratory, 494 
by science shy. 159 

“Thinking Project.” of University of Illinois 

433 

Thorndike. Edward L, 237 
Thumon, Robert H , 237 
Thutstone's Tests of Primary hfental Abill 
Ces. MU MS. M8. iOl, 4Sl 
Tracks, curricular, 66 69. 217-19. 425 
Tutoring Khool, 68 

Understanding, as behavioral objective, 00, 
99. 103 

of cause and elTerc. 99 
of concepts of biology, 239 
in elcmeiKary irfiool, in broad areei, 229 
of nature of proof. 412-14 
Unii(s) in course, building, 34? 61 
in context, 361 63 
and course boundaries, 362-63 
<nt«al. 346 
and grade level, 362 
nortoaihe. 346 

cm jtilaoia and enyircmment, approach to. 
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